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(54) Title: CELL/TISSUE CULTURING DEVICE, SYSTEM AND METHOD 

(57) Abstract: A device, system and method for axcnically culturing and harvesting cells and/or tissues, including biorcactors 
and fermentors. The device is preferably disposable but nevertheless may be used continuously for a plurality of consecutive cul- 
turing/harvesting cycles prior to disposal of same. This invention also relates to batteries of such devices which may be used for 
large-scale production of cells and tissues. According to preferred embodiments of the present invention, the present invention is 
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CELL/TISSUE CULTURING DEVICE, SYSTEM AND METHOD 
FIELD OF THE INVENTION 

Hie invention is of a device, system and method for cell/tissue culture, and in 
particular, of such a device, system and method for plant cell culture. 

BACKGROUND OF THE INVENTION 

Cell and tissue culture techniques have been available for many years and are 
well known in the art. The prospect of using such culturing techniques economically 
is for the extraction of secondary metabolites, such as phaimaceutically active 
compounds, various substances to be used in cosmetics, hormones, enzymes, 
proteins, antigens, food additives and natural pesticides, from a harvest of the 
cultured cells or ^tissues. .While potentially lucrative, this prospect has nevertheless 
not been effectively exploited with industrial scale bioreactors which use slow 
growing plant ^and;?uiimal cell cultures,. because of the high capital costs involved, 

Back{^bund art technology for the production of cell and/or tissue culture at 
industrial scale, to be; used for the production of such materials, is currently based on 
glass bioreactors ;and stainlesis steel bioreactors, which are expensive capital items. 
Furthermore; . these- type£ of industrial bioreactors comprise complicated and 
expensive mixmg;teChnologies such as impellers powered through expensive and 
complicated sterile seals; , sonie expensive fermentors comprise an airlift multipart 
construction. Suc^essM , operation of these bioreactors often requires the 
implementation df aeration technologies which constantly need to be improved. In 
addition, sucK^ to the peak volume capacity that is 

required at the time, Thus, problems arise when scaling up from pilot plant 
fermentors to large-scale fermentors, or when the need arises to increase production 
beyond the capacity of existing bioreactors. The current alternative to a large- 
capacity bioreactor, : riambjy' to provide a number of smaller glass or stainless steel 
bioreactors ^lioseV^ capacity, matches requirements, while offering a 

degree of ^fle^^y for iibre^ing or reducing overall capacity, is nevertheless much 
more expensive ithan tKe £rbvisioh of a single larger bioreactor. Furthermore, 
rimning Coste and stainless steel bioreactors are also high, 

due to low .jfl^ sterilize the bioreactors after every 
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SUMMARY OF TOE INVENTION 

The baekgrpuhd art does not teach or suggest a device, system or method for 
industrial-scale production of materials through plant or animal cell culture with a 
disposable device. The background art also does not teach or suggest such a device, 
system or method for industrial-scale plant cell culture. 

The pr^se^t 'inveu^ these deficiencies of the background art by 

providing a J d^cei : system arid method for axenically culturing and harvesting cells 
and/or tissues,,-: including Aibjreactors and fermentors. The device is preferably 
disposable but nevertheless raay be used continuously for a plurality of consecutive 
cmltuiing/haryestifi)g cycles jppbr to disposal of same. This invention also relates to 
batteries of sueh .devices which may be used for large-scale production of cells and 
tissues.. 

According to preferred embodiments of the present invention, the present 
invention is adjapted for use with plant cell culture, for example by providing a low 
shear force while? still maintaining the proper flow of gas and/or liquids, and/or while 
maintaining the proper mixing conditions- within the container of the device of the 
present invention" \ For e^ampie, optionally and preferably the cells are grown in 
suspension, ^aM'ad^on.^flbw'-of air through the medium, although optionally any 
other gas or.g^s (^mliinatibn could be used) is performed such that low shear force is 
present. To assist : the. maintenance of low shear force, optionally and preferably the 
container for wntaioing flie cpll culture is made from a flexible material and is also 
at least rounded? m: i&ape, a[nd is more preferably cylindrical and/or spherical in 
shape, ^ese^^ptgristics also optionally provide an optional but preferred aspect 
of the container, which is maintenance of even flow and even shear forces. 

It should belhoted that the phrase "plant cell culture" as used herein includes 
any type of native (naturaUy occurring) plant cells or genetically modified plant cells 
(e.g., transgenic ^ jan^or , otherwise genetically engineered plant cell that is grown in 
culture) wWch ^^s production thereof or of an active ingredient expressed therein 
is commercially deseed; for )ise in the clinic (e.g., therapeutic), food industry (e.g., 
flavor, aroi^a^ a^ci4.tiir^ (dg:, pesticide),, cosmetics, etc. The genetic engineering 
may optionaJl^ b^^^l&^^oo^i^ In stable transformation, the nucleic acid 
molecule of the pir^^ into the plant genome and as such it 

represents a '^f^ltf/^'iidl^ted trait In transient transformation, the nucleic acid 
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. . 5 
molecule is. expressed by the cell transformed but it is not integrated into the genome 

and as such it represents a transient trait. 

Preferably, the culture features cells that are not assembled to form a 

complete plan£ : 'such : that at least one biological structure of a plant is not present 

5 OptiohaUy. aid r pr^^^ may feature a plurality of different types of 

plant cells, l?t^r^ably,the culture features a particular type of plant cell. It should 

be noted that opti^^ featuring a particular type of plant cell may be 

originally deyived^from a plurality of different types of such plant cells. 

The pltotv ceU^ be any type of plant cell but is optionally and 

10 preferably a pjant xoot cell (i.e. a cell derived from, obtained from, or originally 

based upon^ a jpl£to^ a plant root cell selected from the group 

consisting of, a cplety celt ; a ginger cell, a horseradish cell and a carrot cell. It will be 

. appreciated thatjplant <^Us brigina : ting from structures other than roots can be 

transformed witt AgFobacteiium rhizogenes, inducing hairy root cell development 

15 (see, for example^ US Patent No. 4,588,693 to Strobel et al). Thus, as described 

hereinabove, ^ Examples section below, the plant root cell may be 

an AgrobqctenUm rhizogenes .transformed root cell. 

Optidhally ind preferably, the plant cells are grown in suspension. The plant 

cell may ppti.on^yyalsp vbe a plant leaf cell or a plant shoot cell, which are 

20 respectively celi^;deiived ;from, obtained from* or originally based upon, a plant leaf 

or aplant sho0t /.:? v--V^.;^.. 

In. apref^fe^ the plant root cell is a carrot cell. It should be 

noted that th£; tr^&rm^d^cfcot cells of the invention are preferably grown in 

. suspension. AS .}mentipn:e<J ; above and described in the Examples, these cells were 

25 fransformed fas A^qbacterium tumefaciens cells. According to a preferred 

embodiment of the -preisent invention, any suitable type of bacterial cell may 

optionally bevWed for sjic^ a transformation, but preferably, an Agrobacterium 

, tumefaciens .cell is y^eA for infecting the preferred plant host cells described below. 

Alternatively, such & fr^sformation br transection could optionally be based upon a. 

30 virus, for example ;a viral vector and/or viral infection. 

* A c Ppr^ng i^tcr preferred embodiments of the present invention, -there is 

provided a .de^^ disposable container for 

culturing pka^i^^ is preferably capable of being used 
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continuously for at least one fiirlher' consecutive culturing/harvesting cycle, such that 
"disposable" does not restrict the container to only a single culturing/harvesting 
cycle. More preferably, -the device further comprises a reusable harvester comprising 
a flow controller, fpr enabling harvesting of at least a desired portion of the medium 
5 containing cells and/or tissues when desired, thereby enabling the device to be used 
continuously -iWn/^;'le^r'<iaM further consecutive culturing/harvesting cycle. 
OptionaUy p^^ maintains sterility of a remainder of 

the medium: <&ntaiim^ such that the remainder of the medium 

remaining fropi ^:gr6vious harvested cycle, serves as inoculant for a next culture and 

10 harvest pycle;- ';...^;"V'^'.t : v' • • ' 

AccOrdi^ of the present invention, there is provided a 

device, system; 5 , aadyn^e&oi which are suitable for culturing any type of cell and/or 
tissue. Preferably). flie : present invention is used for culturing a host cell. A host cell 
according to. ^ may optionally be transformed or transfected 

15 (permanently -and/ot transienjly) with a recombinant nucleic acid molecule encoding 
a protein of . interest or : ; with an expression vector comprising the nucleic acid 
molecule; Such 7 ;nUcleic acid molecule comprises a first nucleic acid sequence 
encoding the protein of interest,* optionally operably linked to one or more additional 
nucleic acid- sequ^pes. ^ncoding a signal peptide or peptides of interest. It should be 

20 noted that ^ ^^ ^ "operably" linked does not necessarily refer to 

physical lh^a^^v/ l i—;^ r: '(y. \. 

"V^^f^^^l^j^^^ or "recombinant host cells" are terms used 
interchange^ terms refer not only to the 

particxd^ subj^cttpeh^ to the progeny or potential progeny of such a cell. 

25 Because, cfert^ ^ occur in succeeding generation due to either 

mutation or . en^ such progeny may not, in fact, be identical to 

the parent ctlt, but^are still ^ inbluded . within the scope of the term as used herein. 
"Host cell" a^us^.W to . cells which can be recombinantly transformed 

with naked J0HA:" .or - expression vectors constructed using recombinant DNA 

30 techniques. .]A^.^|^^Qip^ the term "transfection" means the introduction of a 
nucleic acid, ^f(?,^.;i^e^;D^A or . an expression vector, into a recipient cells by 
nucleic euii^ '-Transformation", as used herein, refers to a 

process in*,^ a result of the cellular uptake of 
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exogenous .DNA ;6r RNA, and, for example, the transformed cell expresses a 
recombinant form of the desired protein. 

Both monocotyledonous and dicotyledonous plant cell cultures are suitable for 
use with the methods and devices of the present invention. There are various methods 
5 of introducing /foreign genes into both monocotyledonous and dicotyledonous plants 
(Potrykus, I^ kctai. Rev. Plant. PhysioL, Plant. Mol. Biol. (1991) 42:205-225; 
.Shimamotoiet^ 338:274-276). 

The i ;^rmci^l§ methods of causing stable integration of exogenous DNA into 
plant genoMcJ&ljjJ^ include two main approaches: 

10 (i):; \£&j^ota^ gene transfer: Klee et al. (1987) Annu. Rev. 

Plant Phy^ofe 35^487-486; Klee. and Rogers in Cell Culture and Somatic Cell 
Genetics of Plemts^ol. 6, Molecular Biology of Plant Nuclear Genes, eds. Schell, J., 
and Vasil, L. *££&c^ San Diego, Calif. (1989) p. 2-25; Gatenby, 

in Plant Biotedhnp^ eds. Kung, . S. and Arntzen, C. J., Butterworth Publishers, 

15 Boston, Mass- ^(i98?) p. 93-112. / 

(ii) <^6c^T)NA uptake; Paszkowski et al., in Cell Culture and Somatic Cell 
Genetics of Plants, Vol.; 6, Molecular Biology of Plant Nuclear Genes eds. Schell, J., 
and Vasil,.L: ^,:Acadeniic Publishers, San Diego, Calif. (1989) p. 52-68; including 
methods for dfrect uptake of DNA into protoplasts, Toriyama, K. et al. (1988) 

20 Bio/TecWol6|y f6:l Q72Tip74. DNA uptake induced by brief electric shock of plant 
cells: Zlian&.et ^^aitf >Gell Rep..(1988) 7:379-384. Fromm et al. Nature (1986) 
3 19:791 -793. plant cells or tissues by. particle bombardment, 

Klein et k: Bii^^ McCabe et al. Bio/Technology (1988) 

6:923-9^j;/3^ (1990) 79:206-209; by the use of micropipette 

25 systems: Ne^ Appl. Genet. (1987) 75:30-36; Neuhaus and 

Spangmb>rg-.vpB^^ 79:213-217; glass fibers or silicon carbide 

whisker cultures, embryos or callus tissue, U.S. Pat. No.. 

5,464,765 .pr^y^ of DNA with germinating pollen, DeWet et al. 

in Experiment |$a^ of OVule Tissue, eds. Chapman, G. P. and Mantell, S. 

30. H. andDani&s/^ 197-209; and Ohta, Proc. Natl. 

Acad. S<& U^^ 

T^e'^ system includes the use of plasmid vectors that contain 

defined j?NA^se^ents ^^that iate^te into, the plant genomic DNA. Methods of 
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inoculation of . the -plant tissue vary depending upon the plant species and the 
Agrobacteriuni delivery system, A widely used approach is the leaf disc procedure 
which can be performed with any tissue explant that provides a good source for 
initiation of whole plant differentiation. Horsch et al. in Plant Molecular Biology 

5 .. Manual AS, Kluwer Academic Publishers, Dordrecht (1988) p. 1-9. A supplementary 
approach employs.; the Agrobacterhim delivery system in combination with vacuum 
infiltration. / .- The ^grobacterium system is especially viable in the creation of 
transgenic dicptyiedjenous -plants. 

There •'; ar&' vario!us methods of direct DNA transfer into plant cells. In 

10 electroporationi; & protoplasts are briefly exposed to a strong electric field. In 
microinjectibiil t^e BNA is mechanically injected directly into the cells using very 
small mcrppi^ettes'' - : ^ In : imcroparticle bombardment, the DNA is adsorbed on 
microprdjectiles ;such ^ as.magnesixim sulfate crystals or tungsten particles, and the 
micropr ojeictiieS *.&re :physic^Uy accelerated into cells or plant tissues. 

15 Following ; skble transformation plant propagation can be exercised. The most 
common, method: of plant propagation is by seed, or by micropropagation, which 
involves tissue culturing, tissue culture multiplication, differentiation and plant 
formation. 

Although stable transformation is presently preferred, transient transformation 
20 of leaf , cells, rodt . cells, meristematic cells or other cells is also envisaged by the 
present inveri^ji^ . . v ' f \ ; \ 

Tran^^^ii^i^ can-be: effected by any of the direct DNA transfer 

methods descrifee$ dbove.or by viral irifection using modified plant viruses. 

Viruses ! ; ^i'jmye'ib£eii shown to be useful for the transformation of plant hosts 
25 mclude GaM^ ? ! £fNlV. wd BV. Transformation of plants using plant viruses is 
described in ;$£I^^Cno:- 4,855,237 (BGV), EP-A 67,553 (TMV), Japanese 
Published; :Aj4i&|tW (TMV), EPA 194,809 (BV), EPA 278,667 

(BV); and <5ii^£^;Y. et\al^ Communications in Molecular Biology: Viral Vectors, 
Cold Spring ^^^^^ pp. 172-189 (1988). Pseudovirus 

.30. particles * for foreign DNA in many hosts, including plants, is 

described in ^:^g6261^ - 

Gohst^ciibn of plant RNA viruses for the introduction and expression of non- 
viral exogenous ^hucleic ^cid sequences , in plants is demonstrated by the above 
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. references - asvweU ^a3- : %\D^wsoxi^ W. O. et al., Virology (1989) 172:285-292; 
Takamatsu et at*. . ElVtBO J. . (1987) 6:307-311; French et al. Science (1986) 
231:1294-1297; and Takamatsu: et aL FEBS Letters (1990) 269:73-76. 

When fhe virus is a DNA -virus, suitable modifications can be made to the 
5 virus itself. Alternatively, the virus can first be cloned into a bacterial plasmid for 
ease of constructing the desired viral vector with the foreign DNA. The virus can 
then be excised from the; plasmid. . If the virus is a DNA virus, a bacterial origin of 
replication can be attached to the viral DNA, which is then replicated by the bacteria. 
Transcription : md fr^latiotf of this DNA will produce the coat protein which will 
. 10 encapsidate the vitglvPNAi If the virus is an RNA virus, the virus is generally cloned 
as a cDlsfA and te^ed^idto^a plasmid. The plasmid is then used to make all of the 
constructions;; ^The .KNA viruses then produced by transcribing the viral sequence of 
the plasmid ;^d^i^ genes to produce the . coat protein(s) which 

encapsidate the viral &NA; 
.15 Gonslrucfip^ of plant RNA viruses for the introduction and expression in 

. plants of nohryiral exogenous nucleic acid sequences such as those included in the 
construct of the present invention is demonstrated by the above references as well as 
in U.S. Pat. Np. 5,316,931: . 

The viral Vectors are encapsidated by the coat proteins encoded by the 
20 recombinant plant viral nucleic acid to produce a recombinant plant virus. The 
recombinant plant: ykal: nucleic acid or recombinant plant virus is used to infect 
appropriate h<^ ; The recombinant plant viral nucleic acid; is capable of 

replication in^ in the host, and transcription or expression of 

foreign genie^ ac *d) in the host to produce the desired protein. 

25 A ;pQl^egtide c^ also be expressed in the chromoplast A technique for 

introducing Exogenous mieleic acid sequences to the genome of the chromoplasts is 
known. TTus :tec^qtie involves, the following procedures. First, plant cells are 
chemically treated'so as ip the number of chromoplasts per cell to about one. 

. Then, the e^Qgenpiis puejfeic acid is introduced via particle bombardment into the 
30 cells with foe-aim^ 

the chromoplasts! * The exogenous nucleic acid is selected such that it is integratable 
; into the chrqmpplasfs -gehoine via homologous recombination, which is readily 
effected by ehziyrnss ;. inherent ip thechromoplast. To this end, the exogenous nucleic 
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acid includes/in addition to a gene of interest, at least one nucleic acid stretch which 
is derived from the. chromoplast's genome. In addition, the exogenous nucleic acid 
includes a selectable marker, which serves by sequential selection procedures to 
ascertain that - all . or substantially all of the copies of the chromoplast genomes 
5 following such! selection will include the exogenous nucleic acid. Further details 
relating to ^ technique are found in U.S. Pat. Nos. 4,945,050; and 5,693,507 
which are .ihcbVppraited herein \>y reference. A polypeptide can thus be produced by 
the protein expression system of the chromoplast and become integrated into the 
chromoplasfsinner membrane. 

10 It should be appreciated that a drug resistance or other selectable marker is 

mtended in ;; p^ selection of the transformants. Additionally, the 

presence of a^Sel^ such as drug resistance marker may be of use in 

detecting the : £re§$i6e; o£ jtontaminating microorganisms in the culture, and/or in the 
case of a ij^i^^^^^er'h^ed upon resistance to a chemical or other factor, the 

15 selection conditions) may . also optionally and preferably prevent undesirable and/or 
contaminating;^ multiplying in the culture medium. Such a pure 

culture of the' transformed host cell would be obtained by culturing the cells under 
conditions which are:required for the induced phenotype's survival. 

As indicated above, the host cells of the invention may be transfected or 

20. . transformed with a nucleic acid molecule. As used herein, the term "nucleic acid" 
refers to pol^Ucl^tides such as deoxyribonucleic acid (DNA), and, where 
appropriate^ ribpnucleic ^cid (RNA). The terms should also be understood to 
include, as ; e^ of either RNA or DNA made from nucleotide 

analogs, a44^4 

25 as sense or ^nti(§e^e) ^4 do^l©-stfanded polynucleotides. 

to. yet ahdijier. embodiment, the host cell of the invention may be transfected 
or txansfp^ed-^ comprising the recombinant nucleic acid 

molecule, "E^r^skon as used herein, encompass vectors such as plasmids, 

viruses, bacterioplLagei integratable; DNA .fragments, and other vehicles, which 

30 enable the infeg^tion Oof t)NA fragments into the genome of the host. Expression 
vectors are ^ic^y-se^ or RNA constructs containing the desired 

gene or. its /fragments, : and . operably linked genetic control elements that are 
recogn&ediria smt^l& host cell and effect expression of the desired genes. These 
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control elements ."are capable of effecting expression within a suitable host. 
Generally, the genetic cohtxql elements can include a prokaryotic promoter system or 
a eukaryotic promoter expression control system. Such system typically includes a 
transcriptional .prti&oter, an optional operator to control the onset of transcription, 
5 transcription enhancers to -elevate the level of RNA expression, a sequence that 
encodes a. suitable nbosome binding site, RNA splice junctions, sequences that 
terminate transcription and ^ translation and so forth. Expression vectors usually 
contain an origin of replication that allows the vector to replicate independently of 
the host cell. •; 

10 Plasm<|s;^ used form of vector but other forms of 

vectors wtach se^ and which are, or become, known in the 

art are suitabl^^fqse li^in; v See, e.g., Pouwels et al. Cloning Vectors: a Laboratory 
Manual (l^^and ^pl^n^riifsX Elsevier, N.Y.; and Rodriquez, et al. (eds.) Vectors: 
a Survey of Mpjecjij^r Gl^mii^ Vectors and their Uses, Buttersworth, Boston, Mass 

15 (1988), which' ^euibofl^o^ reference. 

In geh^raljf^ubh yeptot$ 'contain, in addition, specific genes which are capable 
of providing pheno^ cells. The use of prokaryotic and 

eukaryotic vinil expression vectors to , express the genes coding for the polypeptides 
of the present invention arb also contemplated. 

20 In one: preferred embodiment, the host cell of the invention may be a 

eukaryotic or prpkaiyotic cell.. . 

In a preferred ^ pmbodimisnt, the host cell of the invention is a prokaryotic cell, 
preferably, a bacterial cejl.;. ^ mother embodiment, the host cell is a eukaryotic cell, 
such as a pl^t-cejfcas ^ jpre\dousiy described, or a mammalian cell. , 

25 The* i^ii^!^G^a^ linked", is used herein for indicating that a first nucleic 

acid sequeQc^is:^ with; a. second nucleic acid sequence when the first 

nucleic acid S^ue&ce -is- piaded in a ftoictional relationship with the second nucleic 
acid se^um^e-vi^ is operably linked to a coding sequence if the 

promoter ^eds-^e;^ of the coding sequence. Optionally 

30 . and preferably- operably ^^1^ are contiguous (e.g. physically 

linked) and, \^here nec^ protein-coding regions, in the same reading 

frame. Thus, >^^N,Ai;seqUfenee a regulatory sequence(s) are connected in such a 
way as., to r/ penmt/ . gene, -expression when the appropriate molecules (e.g., 
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transcription^^ are bound to the regulatory sequence(s). 

In ariothpr;. ^bodimeht, this recombinant nucleic acid molecule may 
optionally further compose, an pperably linked terminator which is preferably 
functional in the iost cell,: stiph as a terminator that is ftmctional in plant cells. The 
recombinant mjcleiQ; acid .mblecule of the invention may optionally further comprise 
additional confrol, promotto^ and/or selectable markers. It 

should be npted Mt these regulatory- elements are operably linked to the recombinant 
molecule. 

Regulatory' elements that may be used in the expression constructs include 
promoters ' w^cfi.-opay 'B^tifl^er. heterologous or homologous to the host cell, 
preferably : $-$pi^; tell*. "promoter may be a plant promoter or a non-plant 
promoter which iS'Cap levels of transcription of a linked sequence 

in the host; and plants. Non-limiting examples of plant 

promoters . that ' 'may ^VuSed effectively in practicing the invention include 
cauliflower riosa£^ rbcS, the promoter for the chlorophyll ato 

binding protei^vJi^Eil, NOS ^d HMG2, or modifications or derivatives thereof. The 
promoter may ^.^Sth^-i^n^titutive. of inducible. For example, and not by way of 
limitation,, a^m^ be a promoter that promotes expression or 

increased expj^ipii;of the lysosomal enzyme nucleotide sequence after mechanical 
gene activation (NfGA) of the plant, plant tissue or plant cell. 

The expression vectors used for transfecting or transforming the host cells of 
the myCTtion^^an b&; additionally modified according to methods known to those 
skilled in the.;^ optimize heterologous gene expression in plants and 

plant cbUs.-;^ inplude but are not limited to mutating DNA 

regulato^.elej^ promoter strength or to alter the protein of interest. 

^e; j>i^ represents a revolutionary solution to the 

aforementipiie^ : ^bfe^ a ftf ^ background art, by providing a disposable bioreactor 
device for ^ cell/tissue cultures. The device of the present 

invention, /w^ is characterized in comprising a reusable 

harvesting oujp^ of at least a portion of the medium 

contaiq^ enabling the device to be used 

continuously for^ consecutive culturing/harvesting cycles. In 

an industiii^ the harvesting outlet during and after 
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harvesting m^y be iassured to a significantly high degree at relatively low cost, by 

providing, W hood in which all the necessary connections and 

disconnection?;; of ^services to and .from the device may be performed. When 
eventually the ''device does become contaminated it may then be disposed of with 
relatively littie ec^nomic loss. Such devices may be cheaply manufactured, even for 
production volume^, of 50, or 1 00 liters or more of culture. Further, the ability to 
perform a number of culturing/haryesting cycles is economically lucrative, lowering 
even fiu^ef:the effective cost per device. 

A battery of such devices can be economically arranged, and the number of 
devices in the batt^iy may be controlled to closely match production to demand. 
Thus, the tr^;^QCL from pilot plant bioreactors to large scale production may also be 
achieved in ^el^ manner by adding more devices to the 

battery. f^toer,.^ production volume of each device, coupled with 

the lack /of ^s^^^^^^ults in relatively higher yields as compared to typical 
stainless st^el^ioreactors; 

The de^p£;c>f the - present invention therefore has a number of advantages 
over the background art, including but not limited to, being disposable; being 
economical id :px0n<^ to use; being disposable, but also being usable 

continuously for ^plurality of consecutive cycles of culturing and harvesting desired 
cells and/or tissues;- apd optionally being suitable for operation according to a method 
in wMclt inocMant i$- only inquired to be provided for the first culturing cycle, while 
inoculant for . ^bspquerit cycles is provided by a portion of the culture broth which 
remains in device. after harvesting same in a preceding cycle. 

Acwr<%g>to the.present invention, there is provided a disposable device for 
axenic^Uy cd^pffig ^dhftrv^ing cells and/or tissue in at least one cycle, the device 
comprising:. a;'^^i^le vdispo^able container having a top end and a bottom end, 
which Wd^^^|y^e^l^ partially filled with a suitable sterile biological cell 
and^ ti^ inoculant and/or sterile air and/or 

req^d/ot^ container comprising: (i) a gas outlet for 

removing. :^ gases from the container; (ii) an additive inlet for 

mfroduc^g;t^ th<3 culture medium and/or the additives into the 

container,/^ comprising (iii) a reusable harvester 

comprising a : ^ harvesting of at least a desired portion of 
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the medium : ^taipiing cells abd/or tissues when desired, thereby enabling the device 
to be used ^mti^ubusly. Wat least one further consecutive culturing/harvesting 
cycle, whereiiCa xemainder of the medium containing cells and/or tissue, remaining 
from a previousy^a^ested ,6ycle, may serve as inoculant for a next culture and 
harvest cycle,, yh^ein the Culture medium and/or the required additives are provided. 

Optfoiaallyy the disposable container is transparent and/or translucent Also 
optionally the ; device furth^ /comprises an air inlet for introducing sterile gas in the 
form of bubbles iiito the culture medium through a first inlet opening, wherein the air 
inlet is cpnn^ctablp to a suitable gas supply. Preferably, the air inlet is for 
introducing sterile gas more than once during culturing. More preferably, the air 
inlet is for contiguously introducing sterile gas. Optionally, a plurality of different 
gases are in^^ucod^at differient times and/or concentrations through the air inlet 

Preferably,;.; the /harvest^, comprising a contamination preventer for 
substantially-.^ contaminants into the container via the 

harvester. \ : v ; 

Optio^y* the container is non-rigid. Preferably, the container is made from 
a non-rigid pl^tie^ :More preferably, the material is selected from the group 
comprising pply^^lenie, -polycarbonate, a copolymer of polyethylene and nylon, 
PVCahdEVAV 

Optionally, the eontauier is made from a laminate of more than one layer of 
the materials, i 

Also pptipnally, the container is formed by fusion bonding two suitable sheets 
of the material ;alohg;pred0teniiined seams. 

"??! e5 ^ i: ?^^^^: -* l ^** n ^ c *- "«»Wrises an air inlet pipe extending from the inlet 
opening to a l^catipi3 :: inside t^e container at or near the bottom end thereof 

Also p^^ably,. the at least one air inlet comprises a least one air inlet pipe 
connectable- v fe. -&^1^1e^w:.k^y and in communication with a plurality of 
secondary iid^t^ipds; eapk tlie secondary inlet pipe extending to a location inside the 
container,: vi0 ^^l^:^pt'lopomhg therein, for introducing sterile air in the form 
of bubble^-^ More preferably, the device comprises a 

substantially bpx^Uke g^dnieMbal configuration, having an overall length, height and 
width. ; Most ratio is between about 1 and about 3, 
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and preferabiy/abput i .85i Optionally, the height to width ratio is between about 5 
and about 30j.jmd'preferably about 13. 

Preferably^ the device comprises a support aperture substantially spanning the 
depth of the de\tice, the ^pefture adapted to enable the device to be supported on a 
suitable pole support. 

Optionally,; tie device further comprises a support structure for supporting the 
device. Preferably, . the support structure comprises a pair of opposed frames, each of 
the frames comprising, upper, and lower support members spaced by a plurality of 
substantially parallel vertical support members suitably joined to the upper and lower 
support members. More preferably, the plurality of vertical support members 
consists of at . least one the vertical support member at each longitudinal extremity of 
the uppW.aiid ipvrer support members: 

Alsd j^Qte.pre^ frames are spaced from each other by a plurality of 

spacing bars feleflg^bly or integrally joined to the frames. 

Also mbr^ preferably, the spacing bars are strategically located such that the 
device may be setted ari<d removed relatively easily from the support structure. 

Optionally, -the lb.vyer. support member of each the frame comprises at least 
one lower support -adapted for receiving and supporting a corresponding portion of 
the bottom end of the device. 

Preferably, " each the lower support is in the form of suitably shaped tab 
projecting frbiii each of the lower support members in the direction of the opposed . 
frame. ' \ V ' 

Optibi^y, the frames each comprise at least one interpartitioner projecting 
from each frame in /the direction of the opposed frame, for to pushing against the 
sidewall of th|e device at a predetermined position, such that opposed pairs of the. 
interpartitioner effectively reduce the width of the device at the predetermined 
position. . V; ' * . ' • 

Preferably^3^ suitable substantially vertical 

members spab|d|fr6m.^ lower support members in a direction towards 

the opposed fri^&.wtth stutable upper and lower struts. 

CDption^y^-the support structure may comprise a plurality of castors for 
fransportmg.the devices.-. 
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Optionally, at least some of the air bubbles comprise a mean diameter of 
. between about 1 mm and about 10 mm. 

Also optionally, at least some of the air bubbles comprise a mean diameter of 
about 4 mm. ' ,* 

Optioh&ly^the container comprises a suitable filter mounted on the gas outlet 
for substantially - preventing introduction of contaminants into the container via the 
gas outlet, . ; ; r ' V . 

Prefer^l y* the container further comprises a suitable filter mounted on the 
additive iniet)Vfofc sjibstaiitially preventing introduction of contaminants into the 
container/via the additive inlet. 

Also preferably, there is a contamination preventer which comprises a U- 
shaped .fluid trap, wherein one arm thereof is aseptically mounted to an external 
outlet of the harvester by Suitable aseptic connector. 

Prefer&ly/ the harvester is located at the bottom of the bottom end of the 
container. . rV' ..... 

'^^^P^^^ly^iiis harvester is located near the bottom of the bottom end of 
the container, : ^subh[ -.ifa^f4t n 'flie|-eQd : ( of each harvesting cycle the remainder of the 
medium contajtamg cells and7or tissue automatically remains at the bottom end of the 
container up to - a level below the level of the harvester. 

Optionally; and preferably, the remainder of the medium containing cells 
and/or tissue,;? determined at least partially according to a distance d2 from the 
bottom of tlie toritdinei: tb the harvester. 

Preferably,;: .,1^ : |tmuuw!eF'-of the medium containing cells and/or tissue 
comprises frp^.^bput %5% "tp about 45% of the original volume of the culture 
medium : and v:the .irLpcularit ... More preferably, the remainder of the medium 
containing cells and/or tissue comprises from about 10% to about 20% of the original 
volume of the;ci4ture medium and the inoculant. 

Optipii^y^tkp bottom end is substantially convex. 

Also Q^tio}iaIly, ;the bdttom end is substantially frusta-conical. 

Preferafjly^the ^ container comprises an internal fillable volume of between 
about 5 liters ^d; abpm about 50 liters and. 150 liters, 

and preferably 
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Optionally, the device further comprises suitable attacher for attaching the 
device to a suitable support structure. Preferably, the attacher comprises a loop of 
suitable material, preferably integrally attached to the top end of the container. 

According: to preferred embodiments of the present invention, the device is 
5 adapted to. plaiit cell culture. Preferably, the plant cell culture comprises plant cells 
obtained from a plant joot More preferably, the plant root is selected from the group 
consisting. of Agrobaeterium rihzogenes transformed root cell, celery cell, ginger 
cell, horseradish cell ahd carrot cell. 

Optionally; there is provided a battery of the devices, comprising at least two 
10 the disposable devices as previously described. Preferably, the devices are 
supported by a suitable support structure via the attacher of each the device. Also 
preferably, , the: gas outlet of each the device is suitably connected to a. common gas 
outlet piping which optionally comprises a blocker for preventing contaminants from 
flowing into the devices. . Preferably,' the blocker comprises a suitable filter. 
15 Optionally* the additive inlet of each the device is suitably connected to a 

common additiye .M a free end optionally comprising suitable 

aseptic connector thereat. ; 

Optioa^iy^the free end is connectable to a suitable supply of medium and/or 
additives. . : : 

20 Preferably, the. hafvester of each the device is suitably connected to a 

common hai^estiiijg piping baving a . free end optionally comprising suitable aseptic 
connector thereat V . . 

More preferably^ the battery further comprises a contamination preventer for 
substantially '.preventing " introduction , of contaminants Into the container via the 
25 common harvesting piping. -Preferably, the contamination preventer comprises a U- 
shaped fliiid trap, Wherein one arm thereof is free having an opening and wherein the 
other end thereof is aseptibally mountable to the free end of the common harvesting 
piping via spit^le^ 

More ;^ of the U-tube is connectable to a suitable 

30 receiving tarried w : ; 

Opjtio^^y^^the .a^;iiiet of each the device is suitably connected to a common 
air inlet ^ipmg)h^ying a fr^e. end optionally comprising suitable aseptic connector 
thereat. Pref^ bnd is connectable. to a suitable air supply. 
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According to other preferred embodiments of the present invention, there is 
provided a, methpd for axenicaUy culturing and harvesting cells and/or tissue in a 
disposable device ^ device which comprises a sterilisable 

transparent ; and/or: translucent disposable container having a top end and a bottom 
5 end, wMch- container may b? at least partially filled with a suitable sterile biological 
cell and/or ti^sue^ culture mediiun and/or axenic inoculant and/or sterile air and/or 
other sterile required additives, the container comprising: (i) gas outlet for removing 
excess air and/bt : . waste gases from the container; (ii) additive inlet for introducing 
the inoculant and/pr the ^ cultuire medium and/or the additives into the container; (iii) 

10 reusable haire$t^ comprising suitable flow controller for enabling harvesting of at 
least a portion of -the inediiun containing cells and/or tissue when desired, thereby 
enabling.the device tb.be used continuously for at least one further consecutive cycle, 
wherein a remainder of (h6 medium containing cells and/or tissue, remaining from a 
previously ha^ested cycle, may serve as inoculant for a next culture and harvest 

15 cycle, wherein; foe culture medium and/or the required additives are provided; 
providing axei^ci ihoc^larit via the harvester; providing sterile the culture medium 
and/or, stei^eyid^ inlet; optionally illuminating the 

container witfi, ^^ein^ light; and allowing the cells and/or tissue to grow in the 
medium to a de^irbd yielH., 

20 Prefer^ly^sthe; jrathod further comprises: allowing excess air and/or waste 

gases to leavejihe: eontMii^ri continuously via the gas outlet 

Mpre pr^fex^biy, the method further comprises: checking for contaminants 
and/or the qu^tjjr\of the/ cells/tissues wMch are produced in the container: if 
contaminants ^ are produced are of poor quality, 

25 the devibb an^it?. cbntenis are disposed of; if contaminants are not found, harvesting 
the desired portion of the medium containing cells and/or tissue. 

Most pref^^ly,- wlule harvesting the desired portion, leaving a remainder of 
medium containing^ tissue in the container, wherein the remainder of 

medium sei^e^ ^ culture/harvest cycle.. Also most preferably, 

30 the method : .&^^i^idp^ses; providing sterile the culture medium and/or sterile the 
additives f&j^^Era the additive inlet; and repeating the 

growth cyqle ^6aS^. fji6 ; ^mmifrTO found or the cells/tissues which are produced 
are of poor qw^^WbereUpbn &e device and its contents are disposed of 
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Preferably, the device farther comprises an air inlet for introducing sterile air 
in the form of bubbles into the culture medium through a first inlet opening 
connectable to *a suitable, sterile air supply, the method further comprising the step of 
providing sterile air to the air inlet during the first and each subsequent cycle. More 
5 preferably^ th<& sterile air is supplied continuously throughout at least one culturing 
cycle. ' V^" : *;-v 

Also i^pre preferably, the sterile air is supplied in pulses during at least one 
culturing cycle: ' 

According to still other preferred embodiments of the present invention, there 
10 . is provided a iaetfcod for axenically culturing and harvesting cells and/or tissue in a 
battery of disposable deyipes comprising: providing a battery of devices as described 
above, and fpt; at least one the device thereof: providing axenic inoculant to the 
device via the common harvesting piping; providing sterile the culture medium 
and/or sterile ,&e-*additiyiss to the device via the common additive inlet piping; 
15 optionally illvtmi^atihg the. device with external light; and allowing the cells and/or 
tissue in the deyic^ to grow in the medium to a desired yield. 

Preferably,^^ comprises: allowing excess air and/or waste 

gases to leaveVthe device ^conthiuously via the common gas outlet piping; checking 
for contaminate/;^ the cells/tissues which are produced in the 

20 device: if in ^the>' ^device oontainihants are found or the cells/tissues which are 
produced are ^ of the device is closed off preventing 

contamination o£ ^tor tiiej^eyices of the battery; if in all of the devices of the battery 
. contaminants.^ cells/tissues which are produced therein are of poor 

quality, all tfhe^de^ disposed of; if contaminants are not 

25 found and th^ qualityobf the produced cells/tissues is acceptable, for each harvestable 
device, harvesting a desired portion of the medium containing cells and/or tissue via 
the common., harvesting piping and the contamination preventer to a suitable 
receiving taoki- . 7 - J:.: . 

Preferably,-..^ containing cells and/or tissue remains in 

_ " . - '• '.' .\i-*'v : "v '/ • •* 1 '■..■.•"*..*..-•■ • . • • 

30 . the contaiher^^e*^ serves as. inoculant for a next culture/harvest 

cycle; andlh£^ providing sterile the . culture medium and/or 

sterile the -ai)^^ cycle via the additive inlet 
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Also preferably, the growth cycle is repeated until the contaminants are found 
or the cells/tissues, which are produced are of poor quality for all of the devices of the 
battery, whereupon the contamination preventer is disconnected from the common 
harvester and the devices, arid their contents are disposed of 
5 According to yet other preferred embodiments of the present invention, there 

. is proyided. a.jme^^ culturing and harvesting cells and/or tissue in a 

batteiy of disjgpsable devices comprising: providing a battery of devices as described 
above, and for at least one the device thereof: providing axenic inoculant to the 
device via the common harvesting piping; providing sterile the culture medium 
10 and/or sterile .the e additives i ;to : the device via the common additive inlet piping; 
providing /ster^e^-kir to the ; device via the common air inlet piping; optionally 
. illuminating' ttie device with external light; and allowing the cells and/or tissue in the 
device to, groW^in.the mediira to a desired yield. 

Preferably, the method fiirther comprises: allowing excess air and/or waste 
15 gases to. leave- the, device contmuously via the common gas outlet piping; and 
checking for contaminants and/or the quality of the cells/tissues which are produced 
in the devicerjf .in the' device contaminants are found or the cells/tissues which are 
produced aire.; of .pppr qixaiity^ the harvester of the device is closed off preventing 
contaminationpfe^ devices of the battery; if in all of the devices of the battery 

20 contan^ants-^ire^found :pr. the cells/tissues which are produced therein are of poor 
. quality, -aUvt£<£ devices aind their contents are disposed of; if contaminants are not 
found and; th^> q^^ty of thej produced cells/tissues is acceptable, the device is 
considered h^e^^We.:.' : .y\ 

25 portion -Mfhei^ cells and/or tissue for each harvestable device via 

the conmii^^ and the contamination preventer to a suitable 

receivLQg.ta^.C . V/; 

Most;^ of medium containing cells and/or tissue 

remain! remainder serves as inoculant for a next 

30 cultae/hkrve^ and the;, method further comprises: providing sterile the culture 
medium and/or. sterile; tiie "additives for the next culture/harvest cycle via the additive 
••' inlet v ), ' : r' : KVp^ ' • 
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-^3so-l3tost'iEtftifenAiy,'.the growth cycle is repeated until the contaminants are 

found or the oblls/tissues which are produced are of poor quality for all of the devices 

of the battery whereupon the contamination , preventer is disconnected from the 

common harvester; and the devices and their contents are disposed of. 

5 According /to still other embodiments of the present invention, there is 

provided a device. for plant cell culture, comprising a disposable container for 

culturing playfit;cplls, . Preferably, the disposable container is capable of being used 

continuously .ibr; at least one further consecutive culturing/harvesting cycle. More 

preferably, tibe device further comprises: a reusable harvester comprising a flow 

10 controller for;: enabling .harvesting of at least a desired portion of the medium 

containing; cells j^d/ot tissues when desired, thereby enabling the device to be used 

continuously for. kt: least one fiirfher consecutive culturing/harvesting cycle. Most 

preferably, the; flow controller maintains sterility of a remainder of the medium 

containing cells arid/or tissue, sruch that the remainder of the medium remaining from 

15 a previous harvested cycle^ serves as inoculant for a next culture and harvest cycle. 

According \ to. yet other embodiments of the present invention, there is 
provided a ipfethbd for culturing. plant cells, comprising: culturing plant cells in a 
disposable cpiftMner. 

Preferably^ the disposable container comprises an air inlet for introducing 
20 sterile gas or & qofiabinatipn of gases. 

More : ^r^6tably,^tlie sterile, gas comprises air. Most preferably, the sterile 
gas combination ^jmj>rises . a combination of air and additional oxygen. 

Preferkbly^tfie 6xygeix is added separately from the air. 

M(^ added aplurality of days after initiating cell 

25 cultured .." S : \'y; : : 

Preferably^ the sterile- gas or combination of gases is added more than once 
during cultiudi)Lg.; v ; ..' ^ .: . 

Also prefergbly^ the air inlet is for continuously introducing sterile gas. 

Also pjgfejibly, <a plurality of different gases are introduced at different times 
3 0 and/or concentetibiis through, the air inlet. 

Preferat^ comprises: aerating the cells through the inlet. 

More preferably^e ^erat|ag- comprises administering at least 1 .5 L gas per minute. 
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Optionally and preferably, the method further comprises: providing sufficient 
medium for growing the cells. More preferably, sufficient medium is at a 
concentration of at least about 125% of a normal concentration of medium* 

Preferably, the method further comprises: adding media during growth of the 
5 cells but before harvesting. More preferably, the method further comprises adding 
additional media at least about 3 days after starting culturing the cells. 

Preferably,' the method fprther comprises: replacing media completely at least 
about 3 days after ^failmg Culturing the cells. 

Also, preferably, the iridium comprises a mixture of sugars. 
10 Also .^pfcaf^iy/- the medium comprises a larger amount of sucrose than 

normal for ceU'ciriture; . , r ' : 

Preferably^ the plant cells produce a recombinant protein. 

BRIEF PES CRJPTiON . OF THE DRAWINGS 
15 The invention is herein described, by way of example only, with reference to 

the accompanying drawings, wherein: 

FIGS, la-c illustrate the main components of a first embodiment of the device 
of the present . iriyention in front elevation and in cross-sectional side view, 
respectively fojr Figures^ 1A and IB, and an exemplary system according to the 
20 present inventibn f6r;Figure IC; 

FIGS. 2^^nil ^ 2b i^ustrate the main components of a second embodiment of 
the device of the ^GS^'M^&^oni^&otA elevation and in cross-sectional side view, 
respectively; . . ; V -;' , 

FIG. 3;it^ components of a third embodiment of the device of 

25 the present invention in crpsis-sectionial side view; 

FIGi. 4-iUustrates t^e s^am lines of the first embodiment of the device of the 
present invention'^ 

FIGS. i5a . and . 5b illustrate the . main components of a fourth embodiment of 
the device of the. present. invention in side view and in cross-sectional top view, 
30 respectively; . . " • » • ■-. 

FIGS; 5c jand 5d illxisttete traverse cross-sections of the fourth embodiment . 
taken donglines imd in FIG. 5(a); . . . 
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FIGS, aiid 6b illustrate the main components of a fifth embodiment of the 

device df the present invention in side view and in cross-sectional top view, 

respectively; 

FIGS. 6c and 6d illustrate transverse cross-sections of the fifth embodiment 
5 taken along lmes and G-C in FIG. 6(a); 

FIG. 7 iUustrates the embodiment of FIG. 5 in perspective view; 
FIG, 8 dUustraites the embodiment of FIG. 6 in perspective view; . 
FIG: 5 9 .^ustrates ^ support structure for use with the embodiments of FIGS. 5 
to 8; ' 

10 FIG. 10 iUustrates; the main components of a preferred embodiment of the 

battery of the pfeseitf^ a plurality of devices of any one of FIGS. 

Ito 8; 1 ■■ .. . 

FIGS. llaV^nd l ib sliow an expression cassette and vector for use with the 
. present invention!; ? 

1 5 . FIG. 12; stpws growth of transformed (Glucocerebrosidase (GCD)) carrot cell 

suspension in a device according to the present invention as opposed to an 
Erlenmeyer flask; 

FIG. 13 shows the relative amount of GCD produced by the device according 
to the present ipvejition as opposed to an Erlenmeyer flask; 
20 FIG. 14 shQ\y:s the start point of 7% and 15% packed cell volume with regard 

to the grovi^;^ aire parallel; 

FIG. 15: sfrpws the.amount pf GCD protein from a quantitative Western blot 
for these too ^ 

^lGv;l)5 i^ptirs- g^owttL ;byer an extended period of time (14 days) to find the 
25 stationary poitft;^/^. . y 

FIG. 17 sKp^s; thaiu^ amount of GCD (relative to other proteins) 

is produced: b£ fr^sfprm^d cells through day 8, after which the amount of GCD 
produced starts; ^ 

pIG, 18 . shows tfaat th6 replacement of media and/or the addition of fresh 
30 media on the fourfh.day maintains high growth level of cells beyond day 8. 

FIG. 19^hpw ^the ambuiit of: GCD produced under the conditions described in 
Figure.18; : V..:-Y*> 
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FIG. 20 shoyr the amount of GCD produced under the conditions described in 
Figure 18; . . v ; 

FIG. 21 shows the effect of different sugar regimes on cell growth; 

FIGS: -22a and 22b show the effect of different sugar regimes on production 
5 of GCD; d : 

FIGS. 23a/an4 23b show the effect of aeration rate on cell growth in a 10 L 
device acwrdingtb. the present invention; 

FIG. 24 sho^vs the effect, of adding more oxygen to the device according to 
the present i^ 

10 FIQ. . separation of Human Factor X coding 

sequence (ariow)^ by PCR; 

FIGfc ^6 ; ^^ : 1fid;.Ui|ated CE-FX-KDEL construct, comprising the Factor X 
sequence ligaj^ omega and OCS Terminator sequences. 

Location oif the:r^tegmtion sites for restriction enzyme is marked; 

15 FIG: 27 is Vjriap of the pBluescript SK vector, into which the ligated cassette 

CE-FX-^E&wW^^ 

FIG. 2$ is a restriction analysis of the clones transformed with the plasmids 
pzp-FX-ER and pGREEN nos-kana-FX-ER, showing the cassettes, and plasmids 
used in cloning and expression of the Human Factor X in plant cells. Lane 1 is clone 

20 3 transformed /ra^ ;the .constmct pzp-FX-ER, before restriction enzyme digestion. 
Lane 2. is cloiup 3[^&E^Rp and Hihdlll digestion. Lane 3 is clone 4 transformed 
with the cons^^ Lane 4 is clone 

4 after. £^E^i|£^^ Lane 5 is the CaMV35S+omega-FX-ER 

expression^$€5^ transformed with pGREEN nos-kana-FX^-ER, 

25 before rest^btip^. enz^ Lane 7 is clone 3 after Asp718 and Xbal 

digestion. L^/|l &^dote; : 8 • transformed with pGREEN nos-kana-FX-ER, before 
restriction e^ clone 8 after Asp718 and Xbal digestion. 

Note the band 6fr expression cassette in all the 

30 FIG. .^hp of the pGREEN-nos-kana-FX-ER construct, 

comprising tiie Factor :X ..sequence, ligated between the CaMV35S+Omega, OCS 
Tenninatbr artd ^ .^Tll . sequences. Location of the recognition sites for restriction 
enz5meis*ih^E 
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PIG; 30 shows i a Western blot analysis of the cellular contents of a number of 
transformed carrot cell lines; Factor X expression was detected on the Western blot 
by purified polyclonal rabbit anti-Human Factor X IgG (Affinity Biologicals, 
Hamilton, Ontario', Canada). Note the strong expression of Factor X in the line 
5 transformed with pGREEN-nos-kana-FX-ER (lanes 1 and 2). MW = molecular 
wei^t.standSrdsp : . 

FIO. 33 shows the. accurate cleavage of the recombinant Human Factor X 
expressed iAUpImt cell^; : .The endopeptidase furin, which is responsible for 
propeptide rer&ov^ /and jingle chain to light/heavy chain processing of Human 
10 Factor X, adc^fe^^ recombinant Human Factor X (see lanes 4 and 5) 

expressed in \:j>ia^ size of the active Xa. MW = molecular weight 

•standards; ; V 

FIG.: >3>2 & catalytic activity of the recombinant Human 

Factor X expr^sed.m Cell extracts from transformed carrot cells ( 

15 Aand ■) and unirahsfofimed controls (+ , * and •) were reacted with the 
chromogenic. sjib.strate Pefachrome, . and the products monitored by 
spectrophQtomjetrjr;at.OE>4^5 

FIQ. 33 shpwb the electrophoretic separation of Human Ifio/3 coding sequence 
(arrow) follov^g PCR. Lane 1 is the ifiiKDEL sequence (targeting 

20 to the ER). Lane 2 is the ifiiSTOP sequence (targeting to the apoplast). MW = 
molecular \vei^tstandatds;. L 

FIG r 34 r shows the; electrophoretic separation of amplified Human IfajS cod 
sequence Positive 
clones w^:s$^ of the inserts using the CaMV35S forward and 

25 the Tenninatjir ^■r^y^e:pfimers (see. Figure 29). Lanes 1-7 are positive clones 
showing. 1ix6 ^^^^^^^isert < Lane "fx" is the positive control CE-fit-his, 
without , the % i^^fdf^drf : a * C -PNA" is a negative control PCR reaction without 

; ; DNA; : p>:^" 

FIG. 35 shbwjs the electrophoretic separation of amplified Human Ifh/3 coding 
30 sequence clpn^d/ihto- E cbii v DH5o; using the CE-K expression cassette. Positive 
clones were selected by JPCR analysis of the inserts using the CaMV35S+Omega 
forward ^ and.ljie OCS ^ reverse primers (see Figure 37). Lanes 1-4 and 6 
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are positive Tclpnes showing the CE-ifh-KDEL insert. Lane 5 is a clone not 
expressing Humarilfhfr M = molecular weight standards; 

FIG. 34 shows the electrophoretic separation of restriction analysis products 
of the ifn-posMve clones. . The left panel shows the electrophoretic separation of 
5 restriction aiiaiysfc products of the positive clones bearing CE-ifii-STOP and CE-ifh- 
KDEL insert£(ab:QW), using the restriction enzymes EcoRI+Sall (lanes 1-5). Lane 1 
is CE-i£a-JM5EL-ppsitive clone 1 (see FIG. 35) digested with EcoRI+SalL Lane 2 is 
CE-ifia-KDEI>p6^itive clone 2 (see FIG. 35) digested with EcoRI+SalL_Lane 3 is 
CE^fe-STOF'^Gisitiye clohe : l (see FIG. 34) digested with EcoRI+SalL Lane 4 is 

10 CE-i^STOpvpo|xtiye clone 2 . (see. FIG. 34) digested with EcoRI+SalL Lane 5 is 
CE-Fx (jacki^ |ie('W^ insert) digested with EcoRI+Sall. M = molecular weight 
standards, j. /-[^fa^\j^g|it • pqni^- sliqws - Ibe electrophoretic separation of restriction 
analysis .prodvicts^ ; ^f-^^']poritive' clones bearing CE-ifii-STOP and CE-ifh-KDEL 
inserts (aniw^iismg the r^ttiction enzymes KpnI+Xbal (lanes 6-9). Lane 6 is CE- 

15 i&-KDEL-:pos{tiy5 cidne 1 (see FIG. 35) digested with KpnI+Xbal. Lane 7 is CE-ifti- 
KDEL-positiye. clone:2 (see FIG. 35) without restriction enzyme digestion. Lane 8 is 
CE-ifiirSJOP-positiye 'clone ! (see FIG. 34) without restriction enzyme digestion. 
Lane 9 is GE-i&-STOP-p,6sitive clone 1 (see FIG. 34) digested with KpnI+XbaL M 
= molecular weijgtt standards; 

20 FIG. 37 sihows the ligated CE-ifh-KDEL construct, comprising the Human 

IfhjS coding s^enc^ ligated between the CaMV35S+Omega and OCS Terminator 
sequences. ^ • Lopa^ori of the recognition sites for restriction enzyme is marked; 

FIG/ 3 $ raap of the pzp 1 11 binary vector used for preparation of the pzp- 
ifh-]Q)EL^ ^ with the restriction enzyme recognition sites 

25 marked; •. '.-vfj -x *« ■ \ - *\ . ■ , - : ■ * 

FIG ^^9.4^£ii-Weiis^^h\ot showing the immune detection of recombinant 
Human Ifo/3 ^pressed in carrpt celt clones transformed with agrobacterium LB4404 
bearing^? £^ plasmids. Calli were grown from the 

tomsform^/idelb antibiotic selection, and then transferred to individual . 

30 plates for three; months. Cellular contents of the transformed calli (lanes 1-10) were 
extracted and^epaia-tfed oh PAGE, .blotted, and. the recombinant human inffr detected 
\ with affinity/^ MW = molecular weight 
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stand^njs. Sfe* positive control: 3ng recombinant Human interferon j8 expressed in 
CHO cells; . . 

FIG: 40 .Shpws the electrophoretic separation of infectious bursal disease 
virus viral proteiii 2;(VPII) coding sequence (arrow) following amplification by PCR. 
Lanes 1, 2 a44 ? are the VPII sequence. Lanes 4 and 5 are negative control PCR 
reactions, without DNA " and without polymerase, respectively. MW1 is XHE 
molecular weight standards, and MW2 is lbp ladder molecular weight standards; 

FIG. 41 ;slio.ws the electrophoretic separation of amplified VPII coding 
sequence clbff^ into. E coli DH5o, using the CE-K expression cassette. Positive 
clones were $gl^ inserts using Ihe CaMV35S+Omega 

forward an$j^ reverse primers (see Figure 37). Lanes 1-6 are the 

tested clones. . : J^an£S 2, 3; iandS show positive clones with the VPII insert Lane 7 is 
a positive cont|oJ :■ PGR ^odtict of VPm. Lane 8 is PCR products with DNA of an 
empty CE pas§ette. Lanes .9 . and .10 are negative control PCR reactions, without 
DNA and without polym^ M = molecular weight standards; 

FIG. 42 -is fja ftiap of the CE binary vector used for preparation of the CE-VPII 
plasmids, \*dth the r re^^ recognition sites marked; and 

FIG. 43 a - and 43b are a PAGE analysis (43A) and Western blot (43B) 
showing elecjarophofetic separation and immune detection of recombinant VPII 
expressed in carrot cell clones transformed with agrobacterium LB4404 bearing the 
pGA492-CE-yPn .pi^nidd. Calli were grown from the transfonned cells in agar 
with antibiotib- selectioni . and then transferred to individual plates for three, months. 
Cellular co^e^^of ^ transformed calli (lanes 2,3,5,6,7,10,11,13,14, and 15) were 
extracted ..-^^^tea£^;'pfL- PAGE, blotted, and the recombinant VPII detected with 
cMckeri ah&^^ 43b). + = Positive controls (VPII protein). 

Lanes. 1 arid ^fc^SfPII cell sijspehsion (a mixture of transformation events). Lanes 4 
and 12 are ;.£^^^c6nt^i^lls transformed with the "empty" vector alone, and 
lanes 8 . and i6!aA'^ contents of unttansfoimed carrot cells. 

DETAILED; DESCRIPTION OF THE PREFERRED EMBODIMENTS 

-. . v, • ...\ ■ .. • 

The present myention. is of a device, system and method for axenically 
culturing .aiid^ap^tmg -fe^ and/or tissues, including bioreactors and fennentors. 
The device is .^rfeferably disposable but nevertheless may be used continuously for a 



WO 2005/080544 PCT/IL2005/000228 

/. ;■ ■';'.< ■ '. • .28 

plurality of consecutive bulfuring/harvesting cycles prior to disposal of same. This 
invention also} relates to batteries of such devices which may be used for large-scale 
production of cells and tissues. 

According, to preferred embodiments of the present invention, the present 
invention is adapted for use with plant cell culture, as described above. 

Preferably,, the culture, features cells that are not assembled to form a 
complete plant, such that at least one biological structure of a plant is not present 
Optionally and preferably, ttie culture may feature a plurality of different types of 
plant cells, but preferably the culture features a particular type of plant cell. It should 
be noted that Optionally plant .cultures featuring a particular type of plant cell may be 
originally derived '^^^ph^ty'of difbrait types of such plant cells. Plant cell 
cultures sui^bie^for use : with the devices and methods of the present invention 
include; ^'f^^-jBipj^^jtlani: cell cultures derived from plant root cells, alfalfa 
cells, tobacco: cells,. rand . tobacco cell tine cells. As used herein, tobacco cell line cells 
are defined as .tobacco cells that have been grown in culture as cells previous to being 
culturing according . to . me methods of the present invention. Non-limiting examples 
of established tobacco cell lines are Nicotiana tabacum L. cv Bright 
Yellow-2 (BYr2);and Niedtiana tabacum L. cv. Petit Havana. 

The plant cell may optionally be any type of plant cell but is optionally and 
preferably a plant root cell (i.e. a cell derived from, obtained from, or originally 
based upon, a plant root), more preferably a plant root cell selected from the group 
consisting of, a ,c6lery cell, a . ginger cell, a horseradish cell and a carrot cell. As. 
described; Hereinabove, and detailed in the Examples section below, the plant root 
celf maylbe- afr:^ cell _ optionally and 

preferably, plant .cells'- are grown in suspension. The plant cell may optionally 
also be a plant; l^af cellior a plant shoot cell, which are respectively cells derived 
from, obtained frbni, or originally based upon, a plant leaf or a plant shoot. 

'" " i^^^f^d" cwl^p^iQifixit,- liie plant root cell is a carrot cell. It should be 
noted that this;, transformed carrot cells of the invention are preferably grown in 
suspension. A|. ^^tiphed: aTt>6ye and described in the Examples, these cells were 
transformed. yptyMe/^jbqcteritfm tumefaciens cells. According to a preferred 
embodiment; 'of ^^pt^t/Mventioii," any suitable type of bacterial cell may 
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optionaUybei/Us^. for 'Such a transformation, but preferably, an Agrobacterium 
tumefaciens cell i£ used for iiifecting the preferred plant host cells described below. 

It will : be appreciated,' by one of ordinary skill in the art, that transformation 
of host cells with Agrobacterium tumefaciens cells can render host cells growing in 
5 culture in the. device^ and by methods of the present invention capable of expressing 
recombinant proteins.; In a preferred embodiment, the recombinant proteins are 
heterologous! . proteins. In yet another preferred embodiment, the recombinant 
proteins are vird, eukaryotic and/or prokaryotic proteins. The transformed cell 
cultures of the; present invention can also express chimeric polypeptides. As used 
10 herein, chimeric ^polypeptides are defined as recombinant polypeptides or proteins 
encoded by pdly^ucleotides having a fused coding sequence(s) comprising coding 
sequences frota -^-Ic^xiWo individual and non-identical genes. The expressed 
polypeptide -is ; pifpfer^iy a eukaryotic, non-plant protein, especially of mammalian 
origin, aind -i&a^tlie selected from antibody molecules, human serum albumin 
15 (Dugaiczyk St^\(t9^'^^S USA 79: 71-75(inc6rporated herein by reference), 
eiythropoieto^. dffier therapeutic molecules or blood substitutes, proteins within 
enhanced nutritional- value,, and may be a modified form of any of these, for instance 
including one. pr more insertions, deletions, substitutions and/or additions of one or 
more amino aeidlsl (The cbding sequence is preferably modified to exchange codons 
20 that are rare in the host , species in accordance with principles for codon usage.). 
Examples of such heterologous proteins that can be expressed in host cells grown in 
the devices and by the methods of the present invention include, but are not limited 
to lysosmal epzymps sucii as glucoceirebrosidase, cytokines and growth factors such 
as human .i^te^ clotting factors, e.g^human coagulation 

25 factor X> ba&^i^^ 

.Accbr^mg ^preferred embodiments of the present invention, there is 
provided a dj^0e for plant cell culture, comprising a disposable container for 
culturing plait; cells. . Tiie;disiRosabie container is preferably capable of being used 
continuoxisiy ^r 4jt least bne fturther consecutive culturing/harvesting cycle, such that 
"disposable" cJoesV A6t .restrict the container to only a single culturing/harvesting 
cycle. More device fiirther comprises a reusable harvester comprising 

a flow cbnttqU^ harvesting of at least a desired portion of the medium 

containing .cells and/pr tissues when desired, thereby enabling the device to be used 
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continuously , format l§ast .one further consecutive culturing/harvesting cycle. 
Optionally and preferably, the flow controller maintains sterility of a remainder of 
the medium containing cells and/or tissue, such that the remainder of the medium 
remaining irorri a. previous harvested cycle, serves as inoculant for a next culture and 
5 harvest cycle. ' ) , 

According;.to- optional ' embodiments of the present invention, the device, 
system and method of the present invention are adapted for mammalian cell culture, 
preferably for cujturing miammalian cells in suspension. One of ordinary skill in the 
art could easily adapt the protocols and device descriptions provided herein for 
10 mammalian cell culture. 

In qne [preferred, embodiment, the host cell of the invention may be a 
eukaryotic or prbkaryotie celt 

In a preferred qmbbdiment, the host cell of the invention is a prokaryotic cell, 
preferably, a t^btienkl celfct In another embodiment, the host cell is a eukaryotic cell, 
1 5 such as a plant'Cell^as previously described, or a mammalian cell. 

Disclosed ; and d^cribed, it is to be understood that this invention is not 
limited to the/paitic^ steps, and materials disclosed herein as 

such process steps >and materials may vary somewhat. It is also to he understood that 
the terminology: used herein is used for the purpose of describing particular 
20 embodiments Only and not intended to be limiting since the scope of the present 
invention wiU/be. liimted p^y by the appended claims and equivalents thereof. 

Throu|hout tbis specification and the claims which follow, unless the context 
requkes^btiiei^s^ the word "comprise", and. variations such as "comprises" and 
"comprising", Siyillrbe und^stpqd to imply the inclusion of a stated integer or step or 
25 group of mteg^; or steps ;]but not the. exclusion of any other integer or step or group 
of integers or /sjbeg^Jf-^/; 

It mU&b^ used in this specification and the appended claims, 

the sin^larftf^^ include plural referents unless the content 

clearly dictates othei^is^ 
30 The fdUowmg examples are representative of techniques employed by the 

inventors in cajxypg but aspects of -the preset invention. It should be appreciated 
that while these techniques, are exemplary of preferred embodiments for the practice 
of the invention;, those of " skill in-, the art, in Ught of the present disclosure, will 
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recognize that iiuiiierbus modifications can be made without departing from the spirit 
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]C '"i ' EXAMPLE 1 

UJAJSTRA TIVE DEVICE 

The pttnciples . and operation of the present invention may be better 

understood ^th 'refereiipe to the drawings and the accompanying description. 

5 Figures 1-9 show schematic illustrations of various exemplary embodiments of the 

device acrorcfthgpto the present invention. 

It should be no ted that the device according to the present invention, as 

described in Jgreajter. detail below, may optionally feature all components during 

manufacture ajiid/oxbefore use. Alternatively, such components may be generated at 

10 the moment qf use by conveniently combining these components. For example, any 

one or more compohents may optionally be added to the device to generate the 

complete device sat the moment of use. 

Referc^g %ow to the drawings, Figures 1, 2, and 3, correspond respectively to 

a first, second: of the device, the device, generally designated 

15- (10), comprises..^ container (20), having a top end (26) 

and a bottoi^^ (20) comprises a side wall (22) which is 

preferably substaiitially cylindrical, or at least features a rounded shape, though oilier 

shapes suck polyhedral, for example, may also be suitable. 

Preferably, the:bottom. ; ehd (28) is suitably shaped to minimize sedimentation thereat 

.20 For example,:^ the bottom end (28) is substantially frustro- 

conical or at je^st cpmprises sloping walls. In the second embodiment, the 

bottom end (28) c^^prisps one upwardly sloping wall (29). In the third embodiment, 

the bottpm end:-^2i8) is ^ substantially cylindrical or alternatively convex. The 

aforementipne^c^^^ end (28), in conjunction with the 

25 location of th^ described) near the bottom end (28), enables 

air supplied vi^otitlet (76) t6. induce a mixing motion to the container contents at the 

bottom end sedimentation thereat. Nevertheless, 

the bottom rejad^m^y flat in other embodiments of the present 

invention. T^cgn^^ comprises an internal tillable volume (30) which is 

30 typically between ^ though device (10) may alternatively have an 

.internal 'yrtjx^ liters' or less than 5 liters. Internal volume (30) may 

be filled wi&afj^^ biological cell and/or tissue culture medium (65) 

and/or ^ei^p ^^^nt (d0) aiid/Qr sterile air and/pr required other sterile additives 
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such as antibiotics or fiingicides for example, as hereinafter described. In the 

aforementioned ocnb.odiments, the container (20) is substantially non-rigid, being 

made preferably from a non-rigid plastics material chosen from the group comprising 

polyethylerie,;ppiyc^ a copolymer of polyethylene and nylon, P VC and EVA, 

5 for example. Qptiqj^y/the container (20) may be made from a laminate of more 

than oop^ayvfi^j^^^^. 

As she^vn^- for the /.third embodiment in FIG. 3, the container (20) may 

optionaUy coinprise lwo cpncentric outer walls (24) to enhance mechanical strength 

and to minimi ze risk of contamination of the contents via the container walls. 

10 In the/first, second arid third embodiments, device (10) is for aerobic use. 

Thus the cQntaiiner (20) further comprises at least one air inlet for introducing sterile 
air in the forrqi of bubbles (70) into culture medium (65) through at least one air inlet 
opening (;72). VJn.; the aforementioned embodiments, air inlet comprises at least one 
pipe (74> coniiec^able to .a suitable air supply (not shown) and extending from inlet 

15 opening (72) | ; to ^^eation inside container (20) at a distance dl from the bottom of 
bottom ^d (2§); -.^lieretn dl may be typically around 1 cm, though it could be 
greater or sm'cdl^r .than ^ cm. The pipe (74) may be made from sihcon or other 
suitable plastic iftaterial aiid is" preferably flexible. The pipe (74) thus comprises an 
air outlet (76) [;ot ^uitable dimeter to produce air bubbles (70) of a required mean 

20 diameter. These bubbles not only aerate the medium (65), but also serve to mix the 
contents of th$ QO'ntainer, hereby minimizing sedimentation at the bottom end (28) 
as well, ^:herfei4befofe d^cribed. The size of the bubbles delivered by the air inlet 
will vary accOydiflg to the use of the device, ranging from well under 1 mm to over 
10 mm in <^a^e^/.In some cases, particularly relating to plant cells, small bubbles 

25 may actyaUy walls, , and a mean bubble diameter of not less than 4 

mm substantial^ bvCTcomes this potential problem. In other cases, much smaller 
bubbles are behe^piai, ^nd a sparger may be used at the air outlet (76) to reduce the 
size of the bu]^ of diameter 10 mm or even greater 

may be;^tm^ ij^tioxially, putlet (76) may be restrained in position at bottom end 

30 (28) throu^- ^ Jshtiwh) x>r other means known in the art 

In ^thfer i&i^p<iimen^, device (10) is for anaerobic use, and thus does not 
comprise the &j$6t: ^ V'^ V 
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I4 fourth tod fifth, embodiments of the present invention, and with reference 
to FIGS. 5 aii<3 6 respectLvely, the device. (10) also comprises a transparent and/or 
translucent container (20), having a top end (26) and a bottom end (28). The 
container. (26): ^mprises a side wall (22) which is preferably substantially 
5 rectangular in :pross-section, having a large length to width aspect ratio, as shown for 
the fourth embpdiiiient of the present invention (FIG. 5). Thus, the container (20) of 
the fourth embodiment is. substantially box-like, having typical height-length-width 
dimensions of 13p;cin by 70 cm by 10 cm, respectively. The height to length ratio of 
the device is typically between, for example, about 1 and about 3, and preferably 
10 about 1.85; The height-tq-width ratio of the device is typically between 5 and about 
30, and preferably afeout 13. - 

Alternatively, and as shown in FIG. 6 with respect to the fifth embodiment of 
the present invention, the sidewall (22) may comprise a substantially accordion- 
shaped horizontal cross-section, having a series of parallel crests (221) intercalated 
15 with troughs ig22) alpng ; .the length of the container (20), thereby defining a series of 
adjacent _ chambers; (2?^) -in ^fluid communication with each other. Optionally, the 
sidewall (22) Of^tBe. fi^V^bodinient may further comprise a plurality of vertical 
webs (224), d4chjmtemally joining pairs of opposed troughs, thereby separating at 
least a vertical; portion, pf each chamber (223) from adjacent chambers (223). The 
20 webs (224) not only provide increased structural integrity to the container (20), but 
also effectively separate the Container (20) into smaller volumes, providing the 
advantage of enh^ced circulation.. In other words, the effectiveness of air bubbles in . 
promoting 9ell.:c^culatiou higher in smaller enclosed volumes than in a larger 
equivalent volume flow rate for the air 

25 bubbles is required for promoting , air circulation in a large volume than in a number 
of smaller voltes having the same combined volume of medium. In the fourth and . 
fifth embodiments, . bpttpm end (28) is substantially semi-cylindrical or may be 
alternatively :^n^ or any other suitable shape. In the fourth and 

fifth embpd^ internal tillable volume (30) 

30 which is ^i^^^t^iKi tO .and 100 liters, though device (10) may alternatively 
have anii^tei^ 100 liters, and also greater than 200 liters; 

Memal-/^ suitable sterile biological cell arid/or tissue 

culture. m^it^(6^ (60) and/or sterile air and/or required 
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other sterile, additives such as antibiotics or fungicides for example, as hereinafter 

described. In the aforementioned fourth and fifth embodiments, the container (20) is 

substantially nonrrigid, being made, preferably from a non-rigid plastics material 

chosen from polycarbonate, a copolymer of 

5 polyethylene for example, and, optionally, the container 

(20) may be ijSMe .from a lajminate : of more than one layer of materials. 

As fpr^e.firs^ second and third embodiments, device (10) of the fourth and 

fifth embodiments is also for aerobic use. In the fourth and fifth embodiments, the 

container (20). further comprises at least one air inlet for introducing sterile air in the 

10 form of bubbles ^ £70) in^p culture medium (65) through a plurality of air inlet 
openings (72).-In%e%urth and fifth embodiments, air inlet comprises at least one air 
inlet pipe (74) connectable to a suitable air supply (not shown) and in communication 
with a plurality of Secondary inlet pipes (741), each secondary inlet pipe (741) 
extending from; Met opening (72) to a location inside container (20) at a distance dl 

15. from the botttfrnypf. bottom end (28), wherein dl may be typically around 1 cm, 
though it could be .^eater-pr smaller than 1 cm. The plurality of inlet openings (72), 
are horizontally. spaced <>ne from another by a suitable spacing d5, typically between 
about 5 cm and ^QiiUi^'CW^ and preferably about 10 cm. The at least one air inlet 
pipe (74) ^d : $pCOAdary inletpipes (741) may be made from silicon or other suitable 

20 plastic material; im^' is^preferabiy flexible. Each of secondary inlet pipes (741) thus 
comprises an;;air; putiet ;(7^>f svutable diameter to produce air bubbles (70) of a 
required/meaii ^ {^^eter, These bubbles not only aerate the medium (65), but also 
serve to mix tte}:co^ container, thereby minixnizing sedimentation at the 

bottom end (2$)>as r.yreVL;. sis Weinb6fere described. The size of the bubbles delivered 

25 by the air inlet w^ vary according to the use of the device, ranging from well under 
1 mm to pver^lO mtn in .diameter. In some cases, particularly relating to plant cells, 
small bubbles ^a^ actually . damage the cell walls, and a mean bubble diameter of not 
less than 4 *mji^slft|stantij^y -overcomes this potential problem. In other cases, much 
smaller biib]bl^r : are -benefibialj and . a sparger may be used, at least one of air outlets 

30 (76) to red^celthe ?size pf^the-bubbles; In yet other cases air bubbles of diameter 10 
mm or even j^ea^ Optionally, each outlet (76) may be restrained in 

position at ^fbqfto^jaiid (28) by using a tether (not shown) or by another mechanism 
' lmownm $e£i^^ • 
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The fourth .and fiiffi embodiments of the present invention are especially 

adapted for prdcessing relatively large volumes of inoculant. 

In all the aforementioned embodiments, the air inlet optionally comprises a 
suitable pressure gauge, for monitoring the air pressure in the container (20). 
Preferably, pr^syi& ge^gt is operatively connected to, or alternatively comprises, a 
suitable shut-ri^ preset to shut off" the supply of air to the 

container (20) if thejpres^cjre -therein exceeds a predetermined value. Such a system is 
useful in casfeof a •^tpdk^&w&e -outflow of waste gases, for example, which could 
otherwise leaded a buildup of pressure inside the container (20), eventually bursting 
the same. KvV"'- ' 

The-CGjjplajU^ at least one gas outlet for removing 

excess air and/or waste guises from container (20). These gases collect at the top end 
(26) of the c^htainer (20). The gas outlet may comprise a pipe (90) having an inlet 
(96) at or n^|te^'aicl (26), at a distance d4 from the bottom of the bottom end 
(28), wherein ;d4 : ^ the first, second and third embodiments, for 

example. The^>ip$ (£0) tiaay be made from silicon or other suitable plastic material 
and is preferably ^fie^le. (90) is corinectable to a suitable exhaust (not shown) 
by a known :mech^sm..,Thd exhaust means further comprises a blocker, such as a 
suitable one-way* ^yer br^filt^ (typically a 0.2 micro-meter filter), for example, for 
substantially preventing-; introduction of contaminants into container via the gas 
outlet. At least; a;^b (26) may be suitably configured to facilitate 

the coUectioi^:^ via inlet (96). Thus, in the first 

and second ein^ portion of the top end (26) progressively 

narrows to ar.i^ area near the location of the inlet (96). 

Alternatively,^ le ; ast ths? upj^er portion of the top end (26) may be correspondingly 
substantially tfusfrb-^ In the fourth and fifth embodiments, the top 

end (^'mfl^e-<^y^^ relatively flat, for example, and the inlet (96) may be 
conveniently located at or. near a horizontal end of the top end (26). 

The. c^itapier^ * (20) ^further comprises an additive inlet for introducing 
inoculant ^ additives into container. In the 

aforementib?^^ Met comprises a suitable pipe (80) 

having ^^^^^^^^f- at pr near the top end (26), at a distance d3 from the 
bottom pf :fli^^ d3 for the first embodiment is typically 
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approximately 68 cm, for example. The pipe (80) may be made from silicon or other 

suitable plastic material and is preferably flexible. Pipe (80) is connectable by a 

known connector to a suitable sterilized supply of inoculant and/or culture medium 

and/or additives; :i The additive inlet further comprises a blocker for substantially 

5 preventing ihtfoductibn .of 1 tantaminants into container via additive inlet, and 

comprises, ui^^e embodiments, a suitable one-way valve or filter (84). Typically, 

the level of content's .of th<e container (20) remains below the level of the outlet (86). 

The container (20) further comprises reusable harvester for harvesting at least 

a desired first portion of - the medium containing cells and/or tissue when desired, 

10 thereby enabling '.jjlie device- to be used continuously for at least one subsequent 
culturing cycle; Avr^aining second portion of medium containing cells and/or tissue 
serves as mocW^f and harvest cycle, wherein culture medium 

and/or r^uireel additives proyidedi The harvester may also be used to introduce the 
original voluria<b of inpculaiht into the container, as well as for enabling the harvested 

15 material to Aq^ therethrough ai^d out of the container. 

In. the; afOTen^ntioried embodiments, the harvester comprises a pipe (50) 
having an ihfe£ (52) iri cojmimmcation with internal volume (30), and an outlet (56) 
outside container 1 . (20): The pipe (50). may be made from silicon or other suitable 
plastic maima^ The pipe (50) is of a relatively large 

20 diameter, ^i^^^abp^i^- cm, since the harvested cell and/or tissue flow 
therethrough ; ^a^lporta^ : clmnps of cell particles that may clog narrower pipes. 
Preferabiy;^4t p5^is located near the bottom end (28) of the container (20), so that 
only the ck)nt^^ ; contente inlet (52) are harvested. Thus, at the end of each 

harvesting.; cy<!^ of medium containing cells and/or tissues 

25 automatic^y ^e^a^^ (28) of the container (20), up to a level 

below thp level of thk inlet (52), which is at a distance d2 from the bottom of 
bottom, end (28);: Typically but not necessarily, d2 is about 25 cm for the first 
embodiment. .V 

OptioAally ^ Wd.prefeirably, d2 is selected according to the volume of container 
30 (20), such tBifc the portion; 6f medium and cells and/or tissue that remains is the 
desired fraction; ^ container (20). Also optionally and preferably, an 

addition**! s*^p^ provided (not shown) for removing a sample of the 

culture : ^e&a^^ The sampling port preferably feature 
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an inlet, and .pipe ; as -for the v harvester, and is more preferably located above the 
harvester Oth^r poft(s) miay also optionally be provided. 

Alternatively^ inlet (52) may be located at the lowest point in the container 
(20), wherein the operator could optionally manually ensure that a suitable portion of 
5 medium c^ntainiiig : cells ■ and/or . tissue could remain in the container (20) after 
harvesting a d^sir^d: portion of medium and cells and/or tissue. Alternatively, all of 
the medium ^^4 , ;. optionally be removed. Harvester further comprises flow 
controUer suci (54) and/or an aseptic connector (55) for closing 
off and for pbjmitt^g. the flow of material into or out of container (20) via harvester. 

10 Typically, asejptib connector (55) is made from stainless steel, and many examples 
. thereof are Icnown in . the art. Preferably, the harvester further comprises 
cdntairtoation^feyenter for: substantially preventing introduction of contaminants 
into contairier^aiK^esfer after harvesting. 

In the-.^ and fifth embodiments, contamination 

15 preventer comprises a.fluid trap (3.00). The fluid trap (300) is preferably in the form 
of a substantially U-shaped hollow tube, one arm of which is mounted to the outlet 
(56) of the. harvester, and the other arm having an external opening (58), as shown 
for the first e^bo4^ in FIG. 1(b). Harvested cells/tissue may flow 

out of the devr^ j^ p) i ^k iairyestei*, fluid trap (300) and opening (58), to be collected 

20 thereafter id a^syifable ^receiving tank as hereinafter described. After harvesting is 
terminated/ a&c^ introduced into the harvester via opening (56), 

accompanied ^jb^. >^3pme /back-flow of harvested material, thereby potentially 
introducing ^ device. The U-tube (300) substantially overcomes 

this potehtial^^rdbiem. ^ /by^ trapping some harvested material, i.e., cells/tissues, 

25 downstream o^^ thereby preventing air, and possible contaminants, 

from eriteririgffo^ the,, harvester is closed off via valve (54), the U- 

tube (300) is removed and typically sterilized for the next use or discarded. The U- 
tube (300) mety Remade from. stainless steel or other suitable rigid plastic materials. 
In the aforementioned embodiments, remaining second portion of medium containing 

30 cells and/or tis^e .^ic^y porhprises between 10% and 20% of the original volume 
of culture;i^e<^ though second portion may be greater than 20%, up 

, to 45% or mo^j ^^^^ tKah.:i0%, down to 2.5% or less, of the original volume, if . 
requiredi;' . 'r ;^yvi f -\ : 
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Device (10) optioiiaUy further comprises an attacher for attaching same to an 
overhanging support structure. In the aforementioned embodiments, support structure 
may comprise a bar (100) (FIGS. 1, 2, 5) or rings (not shown). In the third 
embodiment, the. attacher may comprise a hook (25) preferably integrally attached to 
5 the top end (26); of the container (20).. Alternatively, and as shown for the first and 

: . second embod&fents i in FIGS. 1 and 2 respectively, the attacher may comprise a 
preferably fleft^ cylindrical loop (27) of suitable material, 

typically the sarde* material as is used for the container (20), either integral with or 
suitably attached ;(yia fbsiori welding, for example) to the top end (26) of the device. 

10 Alternatively^:;^ the fourth embodiment in FIG. 5, attacher may 

comprise a preferably flexible: and substantially cylindrical aperture (227) made in 
the sidewall (22| 'of container (20), extending through the depth thereof. The fifth 
embodiment may ipptiondly Be supported by a series of hooks (not shown) integrally 
or suitably attached preferably to the top end (26) of the device (10). 

15 Optionjally, the containers may be supported in a suitable support jacket. For 

example, in die fouor^ device (10) may be supported in a support 

jacket consistihg^of a suitable outer support structure comprising an internal volume 
sized and shaped to. complement the datum external geometry of at least the sidewall 
(22) and bottom egd . (28) .of the device when nominally inflated. The outer support 

20 structure may be substantially continuous, with openings to allow access to the inlets 
and outlets to. and further has a suitable door or opening either at the 

side, top or bptfqxn to alipw a .device (10) to be inserted into the support jacket or 
removed, th^^ geometry of the device may be defined as the shape' 

of the device 00)^ its design capacity. At this point, its shape is 

25 nominally, is design {shape- and. therefore its internal volume is nominally its design 
volumetric capacity;. However, when such a device comprising flexible walls is 
actually filled with ' a hquidmediumti the geometry of the device tends to deviate from 
the datum jgeo^et^^tenaing to bulge preferentially at the bottom the device where 
the pressure . greatest j .and . increasing stresses in the wall material considerably. A 

30 support jacket.;as des example and having the required structural attributes 

also helps in mamt^ning the geometry of the device, and reduces the wall stresses, 
. minimdzmg^ the sidewall (22), for example and thereby ensuring a 

. *. longer wprl^^ 
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Alternatively* the containers may be supported in a suitable support structure. 
For example, in the fourth and fifth embodiments of the present invention, the 
device (10) may be supported in a support structure (400) comprising a pair of 
opposed frames (405), (406), as illustrated, for example, in FIG. 9. Each frame (405), 
5 (406) is typically rectangular comprising substantially parallel and horizontal upper, 
and lower load-canyinjg members (410) and (420) respectively, spaced by a plurality 
of substantially parallel vertical support members (430), at least at each longitudinal 
extremity of . the^lo^can^diig members (410), (420), and integrally or otherwise 
suitably joined, fo the upper and lower load-carrying members, (410) and (420) 

10 respectively, .;^ (420) of each frame (405) and (406) 

comprises ^ slrita^y' shaped lower supports adapted for receiving and supporting a 
correspondihg^poition of the; bottom end (28) of the containers (20). Typically, the 
lower supports may' take the form of a suitably shaped platform projecting from each 
of the lower;: support-members (420) in the direction of the opposed frame. 

15 Alternatively, the lower supports may take the form of a plurality of suitably shaped 
tabs (460) projecting from each of the lower support members (420) in the direction 
of the opposed frame. The frames (405), (406) are spaced from each other by 
strategically located spacing bars (450), such that the container (20) maybe removed 
relatively easily froim the . support structure (400) and a new container (20) 

20 maneuvered into -place, i:e;, without the need to dismantle the support frame (400). 
The spacing ;b^s^^) may be integrally connected to the frames (405), (406), as by 
welding, for exafixplb: ^ Preferably, though, the spacing bars (450) are releasably 
connected lto;5/fcB^^ames (405), (406), such that the frames (405), (406) may be 
separated ;orie>*fr<^^ also permitting the use of different sized spacing 

25 bars to connect t^; frames (4t)5), (406), thereby enabling the support structure (400) 
to be usedvwit^^ having different widths. Optionally, and 

preferably, .th^fi^ 

Inteipartiti6ia^r;(47 : 0) may take the form of a vertical web projecting from each frame 
(405), (406) Jii the, direction of the opposed frame, and serves to push against the 
30 sidewall (22) at a. predetermined position, such that opposed pairs of interpartitioner 
(470) effectively .reduce the width of the container (20) at the predetermined position,, 
thereby creates ibet^een adjacent opposed pairs of interpartitioner (470), for 
example* a^kMtipfling or ^eihi : partitioning of the internal space (30) of the container 
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(20). Thus, the imte^iartitioaer (470) may typically deform the sidewall (22) of a 
container (20) Recording to the fourth embodiment (see FIG. 5) to a shape resembling 
that of the sidewall (22) of the fifth embodiment (see FIG. 6). Of course, when used 
with a container. (20) according to the fifth embodiment of the present invention, the 
interpartitioner> (470) ;are located on the frames (405), (406) such as to engage with 
the troughs (2^2) of the Sidewall (22), and thus particularly useful in maintaining the 
. shape of the^cpHtaiers ^ (20). Thus, adjacent partitioner (470) on each frame are 
spaced adv^^g^b^sly spaped a - distance (d5) one from another. Preferably, 
interparttiprie^^ vertical members (472) spaced 

from the upp0r ^d.l6w^ support members, (410), (420), in a direction towards the 
opposed frani£:0^ and lower struts (476), (474) respectively. The 

support stract^T(40p) hot only provides structural support for the containers 
(20), particularly . i>f /the fourth'^ fifth embodiments, it also provides many open 
spaces betweetf e^ch of the Jpad carrying members for enabling each of the air inlet, 
the gas outiet;i;th^ harvester: and the additive inlet to pass therethrough. Optionally, 
support struQture.; (400) : may cpmprise rollers or castors (480) for easing 
transportatio^of the containers (20) within a factory environment, for example. 

The container (20) may optionally be formed by fusion bonding two suitable 
sheets of statute, material, as hereinbefore exampled, along predetermined seams. 
Referring to. the.^first and second embodiments for example, two sheets (200) of 
material may bis elongated rectangular shape and superposed 

one over tte ^^^I^;*:^ IJie sheets are then fusion bonded together in a manner 
well known iii^^^ (205) and (206) of the two 

longer sides, :^d ^ of one of the shorter ends (210), and again 

parallel andfcW^dly placed thereto to form a seam (220) at the upper end of the 
container (20): >^^ ^pn ; \yeld seams (207) and (208) along the long sides and 
situated between ihese par^lei; short end seams (210) and (220) may be cut off or 
otherwise rei^ a loop oif material (27). The bottom end (28) 

of the cont^er (20) is.foipaed by; fusion bonding the remaining short end of the 
sheets along Wo^slppmg sea^i lines,. (230) and (240), mutually converging from the 
seams (205) a(nd <206) of Qie long sides. Optionally, the two sloping seam lines (230) 
and (240).ma| be.ypmed above the apex by another fusion welded seam line (260) 
approximate^ long side seams (205) and (206). Prior to fusion 
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welding the two sheets together, rigid plastic bosses (270), (290), (280) and (250) 
may be fusion welded at locations corresponding to the air inlet, gas outlet, additive 
inlet and harvester, respectively. These bosses provide suitable mechanical 
attachment points for each of the corresponding input(s) and output(s). The third, 
5 fourth and . fifth embodiments of the present invention may be manufactured in a 
similar manner to the first and second embodiments, substantially as described 
above, mutatis mutandis. 

In all. embodiments, the device (10) is made from a material or materials that 
are biologically compatible and which enable the container to be sterilized prior to 
10 first xise. ; \ . . . . 

",. : J.^r *Vr EXAMPLE 2 

A ILLUSTRATIVE SYSTEM 

The. preseiit.-inveation also relates to a battery of disposable devices for 
15 axenically cutaurag and harvesting 6ells and/or tissue in cycles, wherein each of a 
plurality of these devices is structurally and operationally similar to device (10), 
hereinbefore defined and described with reference to the first through the fifth 
embodiments thereof. 

Referring to FIG. 10, a battery (500) comprises a plurality of devices (10), as 
20 hereinbefore described wth respect, to any one of the first through the fifth 
embodiments,-;^ on. a frame or frames (not shown) with an attacher or 

support structure (400), for example. Typically, the battery (500) may be divided into 
a number of groins* each groiip comprising a number pf devices (10). 

In Ihe jp^^^ the battery (500), the air inlets of the devices 

25 (10) in : each ^bujp;.are mtercbimected. Thus the air inlet pipes. (74) of each device 
(10) of the ^OupVare connected to common piping (174) having a free end (170), 
. which is prpwd^; with, art ^aisejptic: connector (175). Sterilized air is provided by a 
suitable air coppr^sor (130) . having a suitable sterilizer or blocker (1 10) such as one 
or more filters. The, compressor (130) comprises a delivery pipe (101) having an 
30 aseptic connector. (176) atits 4 free end which is typically connectable to the aseptic 
connector (17^4°'9i | ^\5t-fl& < .fi , e6 end of common piping (174), This connection is 
made at the beginning of each, run of growth/harvesting cycles in a mobile sterile 
. hood (380) .ta : ensure thait sterile conditions are maintained during the connection. 
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The sterile ho6d:{380j provides a simple relatively low-cost system for connecting 

the various services,- such as air, media, inoculant and harvested cells, to and from the 

group of devices (1Q); under substantially sterile conditions. Similarly, at the end of 

each run of. gtbwdiAiarvestmg . cycles, the connectors (175) and (176) are 

5 disconnected in the. sterile hood (380), and the used devices are discarded, allowing 
the connector §75) atthe compressor end to be connected to the connector (176) of a 
new g^/.^^i^/Sieiaized'.-* dr is typically provided continuously, or 
alternatively i^predeterntihed pulses, during each culturing cycle. 

In me ^re&ed embodiment of the battery (500), excess air and/or waste 

10 gases from ea^bf^ devices (10) is removed to the atmosphere via common 
piping (290) stably connected to each corresponding gas outlet (90). Common 
piping (290) ilprb^ preventer (210), such as one or 

more fitters^; rorV : ^v^ti|g contaminants from flowing into devices (10). 
•iatcmaJhiy^^^SI^) of each device (10) may be individuaUy allowed to 

15 vent to'^i^^^;'^^tjr..5(ia suitable filters which substantially prevent 

contaminante frp^ (10)- 

Me^5^^a^tiy^^e-cqataSn.ed in one or more holding tanks (340). For 
example, micro elements;' macro elements and vitamins may be held in different 
tanks, while additives such as antibiotics and fungicides may also held in yet other 
20 separate tanks: A pumper (345) serving each tank enable the desired relative 
. proportions, of each component of the media and/or additives to be delivered at a 
pcedeteaq^^^^]^^ flow Tate to a static mixer (350), through which 
Wte^l^t^W filt^ed purified-flows from a suitable supply 
(360)/prbf^^^;i£^Pf actable pumper (365) (FIG. 10). By adjusting the 
25 flow rates of |p|P^4>)^ (365),: for example, the concentration of media as 
well as additi^5v^^ie^:be delwered into devices (10) maybe controlled. Media 
and/or- additives: ptixWwi^ may then be dehvered from the static mixer (350) 
under sterile c^tiohJ^l^fiiterblO) and a delivery pipe (370) having an aseptic 
connector (3.75) atits free end (390). 
3 0 In the 'preferred ^odWent of the battery (500), the inlet of additive pipe 

(80) of each cori^nduig device (10) in the group of devices, are interconnected 
via common |i^;tl8& |^mch 'comprises at its free end a common aseptic 
connector Q76^;i6^ (376) may then be connected, in the 
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sterile hdod-(^ connector (375) at the free end (390) of the media 

and additive •jfip&J (370) + thus enabling each device (10) of the battery, or of the 
group, to be suppled : with .media and additives. At the end of the life of the devices 
(10), and prior to discarding the same, the aseptic connectors (375) and (376) are 
5 disconnected it the. sterile hood The. aseptic connector (375) is then ready to be 
connected to lie; new aseptic connector (376) of the next sterilized group of new 
devices (1 0) of the battery- ready for the next run of culturing/harvesting cycles. 

The stqril^ iiood (380) may also optionally be used for connecting the 
media/additives tank; (350) to each one of a number of groups of devices (10) in the 

10 battery, in ti^v'd^ lives of the devices in these groups. Thus, when 

one group , of :de\a^BS has been' serviced with media/additives, the aseptic connector 
(376) of this ^^;is. identically sealed temporarily in the sterile hood (380), which 
is then inov^^ where their common aseptic connector 

(376) is cpmectel^ connector (375) of the pipe (370), thus enabling this 

1 5 group of deyice^ ito^he serviced with media/additives. 

In a different; ei^bdimeht of the battery (500), a mobile sterile hood (380) 
may be iised ^o Co^ect together the free end (390) of a preferably flexible delivery 
pipe connected;^ to the additive inlet of each device (10) in 

turn. The sterile ihopd (38D),may then be moved from one device (10) to the next, 

20 . each time the enci r(3:90). being connected to the inlet end of the corresponding pipe 
(80) to ehabl^ni^dia; to : be. provided to each device in turn. The sterile hood (380), 
together vrith}^ made from stainless steel, at end (390) 

. and the inlet device (10), respectively, enable 

each deyic6 : (^ and subsequently disconnected to the end 

25 (390) and &^|t^^^^ia iupply, tmder sterile conditions. Many other examples of 
suitable cdmec^ .pprih^cting two pipes together are well known in the art. 
Suitable filters :^je^ (390) and at the pipe (80), respectively, to 

prevent or ^ ^ contamination of the container contents. The 

sterile Jiood fi^Qjm^y fhu$; %• airtoma-tically or manually moved from device (10) to 

30 device (10);. ^dfa^;0aeh device in turn, an operator may connect the device (10) to 
the media Sup^iy:usiii§ thb sterile hood (380), fill the device with a suitable quantity 
of medik ; ah$pr^ disconnect the sterile hood (380) from 

the devibe, fo ith^h '^iaw}^iB.1^ m imxlt device. Of course, the end (390) may be 
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adapted to ^-CQmpriie a.plufality of connector (375) rather than just a single sterilized 
connector (375),-sd ^ ;&at rafhet than one, a similar plurality of devices (10) having 
conresponding.copneejtor (376) may be connected at a time to the media supply via 
thetroUey (380):/ : 

5 Each time,- prior to connecting end (390) to each device or set or group of 

devices, the ^ c^n^e^pbnding cOimectors (375) and (376) are typically sterilized, for 
example through .an .autoclave. 

In yet :a|i6Aer embodiment of the battery (500), a single pipe or a set of pipes 
(not shown) connect static mixer (350), to one device (10) or to a corresponding set 

10 of devices [Xl^.^^^^piyy at a time, wherein a conveyor system transports the 
device (lt)X6i5s^^f:d^c^ (1^ to the single pipe or set of pipes, respectively, or 
vice v^sa: : After -^iiig^ie- device (10) or set of devices (10), the conveyor enables a 
further device^ (10) to be connected to the static mixer 

(350) through;^ set of pipes, respectively. 

15 hi the pre&feed embodiment of the battery (500), the harvesters of each of the 

devices (10) o£^ Thus the harvesting pipes (50) of each 

device; (10) ''atfe : ^^eci^ to common harvesting piping (154) having a free, end 
(150), wWcfi -^ connector (155). Preferably, each of the. 

harvesting ^pes ^sb a valve (54), as hereinbefore described, to close 

20 off or pennit .ffie^flow of harvested cells from each corresponding device (10). Thus, 
for example, :i£ it. is ■ determined that a number of devices in a particular group are 
contaminated,' ' wMe -^e other devices are not, then the cells in these latter devices 
may be tiarVefc^ from the former devices, so long as 

the valves $5S)-)q^ remain closed. Preferably, common 

25 piping;^ valve (259) upstream of the aseptic 

connector ^ preventer is provided for substantially 

preventmgV^t^^^ container via harvester after 

harvestmgirr^ ./ 

In. tievptbfOTed OTMdiineiat, the contamination preventer comprises a 

30 . substantially UisMipied fluid trap (400), having an aseptic connector (156) at one arm 
. thereof, the ; .Q^ in fluid communication with a. 

receiving t^ connectors (155) and (156) are then interconnected 

in the mobile^^ sterile conditions. Harvesting is then* effected 
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by opening ^0-/^aly^. f (54) of all the devices in the group which are not 
contaminated, as; : well. as common valve (259). Cells from the group will then flow 
into the .receiving tenk (590), preferably under gravity, though in some cases a 
suitable pxunp^may. be .use<L : After harvesting is completed, the aseptic connectors 
5 (155) and (156) itniy be disconnected in the sterile hood (380), which can then be 
moved to the next jgoup of devipes (10): the corresponding aseptic connector (155) 
of this group jnay then be interconnected with aseptic connector (156) of the U-tube 
(400), and thereby enable the cells of this group of devices to be harvested. 

In another embodiment of the battery (500), a single pipe or a set of pipes (not 

10 shown) may.coiuiebt pommon ireceiying tank to a device (10) or a corresponding set 
of devices. (10)^ j^peptiVely^ at a time, wherein a conveyor system transports the 
device. (10) or; ;set;bf de>qTOS (10) torthe single pipe or set of pipes, respectively, or 
vice versa,; device (10) or set of devices (10), the conveyor 

enables a fbr^ (10) to be connected to the- common 

. 15 receiving fdnl^ithi-ou^; a ^^siigje pipe or set of pipes, respectively. 

Ih apd^het ^bqc^^nt of the battery (500), each device (10) may be 
individually fiareesfed* wherein the harvester of each device comprises a 
contammationyipre^ preventing introduction of contaminants 

into container 'ifaa harvester after harvesting. In this embodiment, the contamination 

20 preventer comprises iUrshaped flidd. trap (400) as hereinbefore described, having an 
aseptic <?pnnei6tpr .(l 56) at onip arm thereof, the other arm having an opening (158) in 
fluid coi^iir^catiph ;;with.^ receiving. tank (590). The harvester comprises an aseptic 
connector (5$)r Aylycli inay be connected to the aseptic connector (156) of the fluid 
trap (400) in hood (380) under sterile conditions. Harvesting is 

25 then effecte<i^ of the device, wherein cells will then flow . 

into the.reCei^^^ though in some cases a suitable 

pump may.bej^ completed, these aseptic connectors, (55) and 

. (156), may/^l&sc^^ in the sterile hood (380), which can then be moved to the 
next device C^P J&J^^ ^^^poidiiig aseptic connector (55) of the harvester of this 

30 device may iti^^ of the U-tube (400), 

arid thereby e^^ 

In t^p %et^ the battery (500), the harvester may also be 

used for.iriiti^y^ the start of a new run of growth/harvesting 
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cycles^ Thus, inopul^t riiay- b with sterilized medium in a suitable tank 

having a delivery pipe /^mprising at its free end an aseptic connector which is 
connected to the ; ^ejptic .^bnnector .(155) of the cohunon harvesting piping (154) in 
the sterile hood (380). IrioGuliant may then be allowed to flow under gravity, or with 
5 the aid of a stutable pump, to . each of the devices (10) of the group via common 
harvesting piping (154), after Which the aseptic connectors are disconnected in the 
sterile hqocL 

Alternatively, ; the Moculant may be introduced into the devices via the 
additive Met, in particular, the additive common piping (180), in a similar manner to 
10 that hereinbefore .^described regarding the harvester and the common harvesting 
piping (155,), mutatis ; mutandis*. 

Accbttlift^^ of the present invention, the operation 

of the preyioi^lj^d^ device and/or . battery is controlled by a 

computer. (60 : B|^ to Figure 1C: The computer is optionally and 

15 preferably abte to:;wntrol such parameters of the operation of the battery and/or of a 
device according to the. present invention as one or more of temperature, amount and 
timing of gas. .bf .^as combination, Catering the container, amount and timing of gas 
being allowed to^ititthe (Container, amount and timing of the addition of at least one 
material . (sucli V as ;nuWents, 6ulture medium and so forth), and/or amount of light. 
.20 The computer may optionally also be able to detect the amount of waste being 
produced. -*. 

The cdinpufer is. preferably connected to the various measuring instruments 
present /with regard; to &e ..operation of the present invention, as an example of a 
system for; aiitpi^ of the present invention. 

: 25 For ex^ple; : ;^ is preferably connected to a gauge (602) of gauges 

. for control!^ combination. Gauge (602) is preferably 

connected tb/^ to a suitable air supply (604), and controls the 

flow of an 

The ^mpu^ connected to a temperature gauge 

30 (606), wWch .^ in the environment of container (20) but 

more pr<^ The computer (600) is also optionally and 

preferably.^ for cbntrplling the temperature (608), such as . 

a heater ^dfaj^ 
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Th6 : co#piiter : (60Q) is 6ptionally and preferably connected to a gauge (610) 
for controlling; the' flow of media and/or other nutrients from a nutrient/media 
container (6 L2; hereinafter referred to 'collectively as a nutrient container) to 
container (20),;t%ough pipe (80) of the present invention. Computer (600) may also 
5 optionally, additionally or alternatively, control valve (84). Also optionally, only 
one of valve (%^ 

The -Cpmfyutesr (600) is . preferably connected to at least one port of the 
container, and : ;inore preferably (as shown) is connected at least to a harvest port 
(shown as pipe (50)) and optionally as shown to a sample port (612). Optionally, the 
10 sample port and the harvest port may be combined. The computer optionally may 
control an automated sampler, and/or harvester for removing portions of the contents 
of the container, for Resting, and/or harvesting (not shown). The computer may also 
optionally ^ bV^oniLebJed ^ tb .^ analyzer (614) for analyzing these portions of contents, 



15 



for example : in?bf ^fef : ^o= provide ♦ feedback for operation of the computer. 



" .V-$:;V'':!'- ':'^).--. EXAMPLE 3 

^ CELL CULTURING METHOD 

The present ^yention;^so;rdMes to a method for culturing and harvesting 
plant cells in ; a. multiple^ device. The device is optionally and 

20 preferably co^gured according to . the device and/or system of Examples 1 and 2 
above. In 1to;.jtfettipdi plant cells are preferably placed in a container of the device 
according ito >t^ This container is preferably constructed of 

plastic, wl4ch;may option^ly be translucent, and/or transparent, and which optionally 
. may be rigid brffl^ have a degree of rigidity between rigid 

25 and flexible (e^g^e^-rigld for example). Any other additional material(s) are then 
provide a gas combination, and/or a sterile liquid or a liquid 
combinati^ Preferably, the device is constructed to 

feature i - ait - ^^tefci^^i^S^ei^ -".S5X«3l3L -~ 'ifbba.'f: ^- mofj^nLaX (plant cells and/or one of the 

previously rde^ may be removed while still permitting at 

30 least on£ a4diti^ cycle to be performed. Optionally and 

more prefer*!^ in suspension. 

Acrord^ of the present invention, the plant cells 

are cultured : ^;^^p$^i0^^i a. liquid: medium,- wifh at least one sterile gas or gas 
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combinatioii (^litfilUty jof gases) added as required. Optionally and preferably, the 
sterile gas cojnpnseb a . sterife gas. combination which more preferably comprises 
sterile ak. . ^ combination is preferably added to the 

container throjig^ah air Met during each cycle, either continuously or in pulses, as 
5 previously deselect ' ' - ":. " 

Sterile ctidiure ^/medium and/or . sterile additives are preferably placed in the 
container tlupugh^an additive inlet as previously described. 

The pl^iitvcells: (as an example of an axenic inoculant) are optionally and 
preferably added ^ Optionally and preferably, the plant cells in 

10 the container i^e^e^os^d to light, for example through an external light (a source of 
illumination ^ exteA^ to ;1^e container), paflic^ if the container is transparent 
and/or 1xansluQeipit>V^^j; ; . 

The ceU^V^^ ^pw&l to grow to a desired yield of cells and/or the material 
produced by tiie dells, such as' a protein for example. 
15 Accpr<ci^ excess air and/or waste gases are 

preferably aib^ed; ; tp;leaye through a gas outlet, optionally and more 

preferably bbiitinuously 

Als$ ; ;6pti^ the material in the container (such as the cell 

culture medivnn ' s ^y^^pl^i;is checked for one or more contaminants and/or the 
20 quality of the cells and/or bell produces) which are produced in the container. More 
preferably if qne^f ^ore are found to be present or the cells and/or cell 

produces) .wluch quality, the device and its contents are 

.disposed of X:?V"-v - 

At an.a^ prpp^af^ 

25 and/or cbl^ least a first portion of the material in the 

container is medium containing cells and/or cell 
product(s)^ second portion of material, such as 

medium coifita&iini ^ 6His^dfef cell produces) is allowed to remain in the container, 
; wherein, ^^|se^pn^ as inoculant for a next 

30 . culture/hartes^ medium and/or sterile additives are 

provided f&ii^ cycle through the additive inlet 

The . pr evi^^Y i&^bed cycle is optionally performed more than once. 
■; Aliso, fe;prewo^^^ optionally be performed with a battery 
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(system) of devices as. described with regard to Example 2. Optionally and 
preferably, th^ method permits cells to be cultured and/or harvested anaerobically. 

. For th^ a battery (500) of at least one group of 

devices, (10) i£ : -0Qy^ei^;'';^U^^.'^ e devices do not comprise an air inlet For at 
5 least one dewc^ (10) thferebf the following process is performed. An axenic 
inoculant is introduced tp djevice (10) via common harvesting piping. Next, sterile 
culture medium ahd/of sterile additives is added to the device via common additive 
inlet piping, (^tj&i.ally, the device is illuminated as previously described. 

The cells ^ih the device are allowed to grow in medium to a desired yield of 
10 cells and/or.-p£odu:ct(s) of the cells. Optionally and preferably, excess air and/or 
waste gases ^e.-peqaoitted to leave the device, more preferably continuously, via 
common gas outlet piping. 

. As for previous method, the material in the container is monitored for the 
presence of ^n^oijinore : ^ntammant(s) and/or poor quality cells and/or poor quality 
15 cell prpduct(s^ : ^m^Me^ .Cas<? the container and its contents are preferably disposed 
. of. Also a&f% the cells and/or cell product(s) are preferably 
harvested at; a^$i^table \titoe,>tbr example when a desired amount of cell product(s) 

has bem produced. r "... • " 

Tie abqve meto optionally be performed aerobically in a battery 

. 20 of disposab^.de^c^ sterile gas and/or combination of gases, such as 

sterile air; is pr^ via common air inlet piping. 

Typip^y| Sf .w^ system supplies deionised and pyrogen free 

water to a tisi^ ^ihprising concentrated media, and diluted media is then pumped to 
the device (10); $a / additiye: : iiilet:. Filters, typically 0.2 micrometer, are installed in 
25 the feed pipe# ^ and. also just, .upstream of the additive inlet to minimize risk of 
conlam^atio^ contents in each device (10). Alternatively or 

additionally, ^ne^ay ^y^ may be also be used to minimize this risk. 

Fbr;fr&^ each device (10), inoculant, typically a sample 

of the type »6ftceU^at It- is required to harvest in the device (10), is premixed with 
30 .- media or wat&jim&^ and is introduced into the device (10) 

via the hi^^t^^ into the device (10) via additive input. For 

subsequOT^;byp^ and/or additives are introduced, as hereinbefore 

. described/ . • ; 
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Typically, 1 \an air . compressor provides substantially sterilized air to each 
device (10)* \£a : ^ a coarse filter for removing particles, a dryer and 

humidity -fflt^ humidity, and a fine filter, typically 0.2 micro-meter, for 

removing ^nt^inants. Preferably, another filter just upstream of the air inlet further 
5 minimizes the^nsk 0f contamination of the container contents. 
For ea6h device (10),.^ 
additive MeV, ',andJpreferiabiy also to the gas outlet and to the harvester are autoclave 
sterilized. priolr. .tojiuse, -and sterility is maintained during connection to peripheral 
equipment, / mcludihg; for: example, air supply and exhaust by performing the 
10 connections in the sterile hood as hereinbefore described. 

TWjp^at^e cpntfill for. each-device (10) is preferably provided by a suitable 
. air condition^ Optional illumination of the device may be provided by suitable 
fluorescent lights gmlabiy. arranged around the device (10), when required for cell 
• growth! ■.* \;:<V? v 

15 _£>u^ of each device (10), the contents of each 

con:espohding :fc6h1^ typically aerated and mixed for about 7 to about 14 

days, or longe£^ 

At -fte^epjliof. c^tiuiiig ' ^ycle for each device (10), the corresponding 
harvester is. : ^te^(ly : iohnected to a presterilised environment with suitable 
20 GOBDjBdU^- m '^^f3^ sterilized prior and during connection, as hereinbefore 
describ^Hai^.eV^ leaving behind between about 2.5% to about 

45%, tiutajj^ to about 20%, of cells and/or tissue to 

' senre as'moc^ 

: lli)&':^r^s^l. c^ba/fissues"- and/or cell product(s) may then optionally be 
25 dried, orextr^bt^a$>equired. ^ 

^ccor3mg;\t<) ^ pirefe^ed embodiments of the present invention, the process of 
cell cultu^g{ihay ^fop^ohally be adjusted according to one or more of the following. 
These;.adj^ piarformed for culturing plant cells. According to a 

first adji^tment,;^^ suspension in culture media, the amount of 

30 media'be^V^ ( e & on da y zero ) is P referabl y at least 

about I2'5% :opffife"^p and more preferably up to about 200% of 

. the recommeilS^ 
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Another optional but preferred adjustment is the addition of media during 

growth of the .cells but before harvesting. More preferably, such media is added on 

day 3 or 4 after starting the culture process. Optionally and more preferably, the 

media ^ compris^- concentrated culturb media, concentrated from about 1 to about 10 

5 times and thereby. providing a higher concentration of nutrients. It should be noted 
that preferably a/ sufiBcient medium is provided that is more preferably at a 
concentration a normal concentration of medium. Addition 

of media, ineaiis that .fr^h inedia is added to existing media in the container. When 
added as a cbnb^trated solution, preferably the resultant media concentration is 

10 close to the. normal or initial concentration. Alternatively, the media in the container 
may optionally be completely, repiabed with fresh media during growth, again more 
preferably bn day 3 or 4 after starting the culture process. 

Another bptipnkl but preferred . adjustment is the use of higher sucrose levels 
than is normally recoihmended for plant cell culture, for example by adding sucrose, 

15. such that the -6oncentration id the media may optionally be 40g/l rather than 30g/L 
One or mbrfe btfreir siugars may optionally be added, such as glucose, fructose or other 
sugars, to complement Sucrose. . Sucrose (and/or one or more other sugars) is also 
optionally Wd*;^ cell culture process, more preferably on 

day 3 of 4 after ^ starting the c^ture process. 

20 Anotfaefr optional^ adjustment is the addition of pure oxygen during the cell 

culture prdbbss^ mbtb prefeably on day 3 or 4 after starting the culture process. 

. A^ottra Qfitional .adjustment is the use of increased aeration (gas exchange), 
which as sKo\vii 14 'j^batbr ;detail below, also results in an increased cell growth rate 
in the deyibb accord^ 

25. V\ ' r ■ • 

//V"' • EXAMPLE 4 

EXPERIMENTAL EXAMPLE WITH VINCA ROSEA CELLS 
This experiment was perforined with cells from Vinca rosea also known as 
: .. . roseperiwipkl^ 
30 ■". A group a device according to the invention), each 

with a bontah^ copolymer, (0.1 mm wall thickness, 

20 cm diame^ ^:^2 ; ^ h&^), : complete with 30 mm ports at 5 cm (for air inlet), 25 
cm (for h^^ter)^ inlet), and 90 cm (gas outlet) from the bottom, 
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effective fillable volume about 10 liters was used. The bioreactors, together with 
their fittings, were sterilized by gamma irradiation (2.5 mRad). 

Nine titers of Schenk & Hildebrandt mineral/vitamin medium, 2 mg/1 each of 
cMorophenpxyiacetic, acid ! and 2,4^dichlorophenoxyacetic acid, 0.2 mg/1 kinetin, 3% 
5 sucrose, and 900 ^.packed volume initial inoculum of line V24 Catharanthus roseus 
(Vinca) cells'J^e '-mtrd^uced into each bioreactor. The volume of air above the 
surface pf thd.meaiu^was 3jL Aeration was carried out using a flow volume of 1.5 
liter/min- steiile air, provided through a 4 mm orifice (air inlet), located 1 cm from the 
bottom of the container. 

10 The bioreactors were mounted in a controlled temperature room (25 ° C) and 

culturing w&s 4bntiriued! for 10 days, until the packed volume increased to about 7.5 1 
(75% of the tpMlvoltime; a dpubliiig rate of 2 days during the logarithmic phase). At 
this time point, cells were " harvested by withdrawing 9 liters of medium and cells 
through the harvester and 9 liters of fresh sterile medium together with the same 

15 additives wer6 added via the additive inlet. Cells were again harvested as above at 
10-day intervals?, for .6 additional cycles, at which time the run was completed. 

A toted Veight -of 6:5 kg fresh, cells (0.5 kg dry weight) was thus collected 
over various* iperipds .of time, such as seven, ten or fourteen day intervals, from each 
of the 10 1 b^a^fy ;bior^^6rs. These cells had a 0.6% content of total alkaloids, the 

20 same as the starting line* : : Therefore, clearly the device of the present invention was 
able to maintaaH. kiut grow/ttiecells in culture in a healthy and productive state, while 
maintaining. siqcuiar or identical cell characteristics as for cells from the starting line. 

".;./}' 4'':' EXAMPLE 5 

25 E^EEIMEmAL EXAMPLE WITH PLANT CELLS 

Example 5a{Cl6ning and Large-Scale Expression of Human Glucocerebrosidase 
*KV! in Carrot Cell Suspension 

This Ekaiiiple provides a description of experiments that were performed with 
transformed pl^nt?p^llS, cultured in the device of the present invention, according to 
30 the method of ^d^reSent invehtiori. 
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Materials and Experimental procedures: 
Plasmid vectors: Plasmid CE-T 

Plasmid Q&T was constructed from plasmid CE obtained from Prof. Galili 
[United States fatent 5,367 J 10 November 22, (1994)]. 
5 PlasM4 was digested with Sail. 

Th^;S^I:/ppJiesive \ehd was made blunt-ended using the large fragment of 
DNA polymerasevl^Theh ; the plasmid was digested with PstI and ligated to a DNA 
fragment coding fgi the ER targeting signal from the basic endochitinase gene: 
[Arabidopsis ^ m^iana^G ATCTTTTTCT CTTTCTCATC 

10 TTTTCACTtG TCC^ATCATT ATCCTCGGCC GAATTC (SEQ ID NO: 10), and 
vacuolar t^geti^Lg* sigpal; from Tobacco chitinase A: GATCTTTTAG 
TCGATA£T£TG (SEQ fiD NO: 11) digested with Smal and PstI. 

The . Sail cohesive , end was made blunt-ended using the large fragment of 
DNA polymerase £ Then the? plasmid was digested with PstI and ligated to a DNA 
15. fragment coding for the ER targeting signal (SEQ ID NO: 1), a non relevant gene, 
and vacuolar targeting sigjnal (SEQ ID NO: 2), digested with Smal and PstI. 

pGI&gNIf ; ^ was obtained from Dr. P. Mullineaux [Roger P. Hellens et at, 
(2000) Plant i^^Sibv; Expression from the pGREEN II vector is 

controlled by ih^SS- promoter from Cauliflower Mosaic Virus (SEQ ID NO: 9), the 
20 TMV (Tobaocb / Mosaic,. Virus) omega translational enhancer element and the 
octopine .synthase ^ terminator, sequence from Agrobacterium tumefaciens. 

CptiA:: .fi^P ;^ ^bjtrined from E. coli containing the human GCD cDNA 
sequence (Gqiffik^ Abq^sioh No: Ml 6328)(ATCC Accession No. 65696), as 
describ^ by^o^;^t M^NAS USA: 1985; 82:7289-7293), GC-2.2 [GCS-2kb;. 
25 lambda-EZZ-£am^p \, ISorhq sapiens] containing glucosidase beta acid 
[glucocerebrqsid^ejv^ert lengths (kb): 2.20; Tissue: fibroblast WI-38 celL 

Construction of expression plasmid 

The cDNA ; cp(iirig for hQ^ ID NOs: 7 and 8) was amplified using the 

forward: 5.' C AGAATTG GCCCGGCCCTGCA 3'(SEQ ID NO: 3) and the reverse: 
30 5' CT CAGATGTT GGGGATGCCAGA 3 '(SEP ID NO: 4) primers. The purified 
PCR DNA; prp^c^ digested, "with endonucleases EcoRI and Bglll (see 
recogEitibri:^ primers) and ligated into an intermediate 

vector ha\ragf^ E-T digested with the same enzymes. The 
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expression cassette, was cut and eluted from the intermediate vector and ligated into 
the binary vector p GREENE using restriction enzymes Smal and Xbal, forming the 
final expression vector. Kanamycin resistance is conferred by the NPTII gene driven 
by the nos, promoter obtained together with the pGREEN vector (Fig. 11B). The 

5 resulting expr^slbn cassette (S£Q IDNO: 13) is presented by Fig. 1 1 A. 

The icesjiltMg plaSmid was sequenced to ensure correct in-frame fusion of the 
signals using ithe.. following sequencing primers: 5' 35S promoter: 5' 
CTC AGAAGXc6aGA<3GGC 3'(SEQ ID NO: 5), and the 3' terminator: 5' 
CAAAGCGQeeATeGT0G3;(SEQ.ID NO: 6). 

10 Estubl^hmeht of carrot ca and cell suspension culture 

Estabiishmfent' pf carrot callus (i.e., undifferentiated carrot cells) and cell 
suspension :ciituf^s. were petfpnned as described previously by Torres BLC. (Tissue 
culture techniques for lio^pujar crops, p.p. 1 1 1, 169 ). 

Transformation of carrot cellsr and isolation of transformed cells. 

15. Transformation of carrot cells Was preformed using Agrobacterium 

fransformatior* by :&n adaptation of a method described previously [Wurtele, E.S. and 
Bulka, K. Plant Sci. 61:253-262 (1989)]. Cells growing in liquid media were used 
throughout the;piocess instead of calli. Incubation and growth times were adapted for 
transformatiph of jtellk in liquid culture Briefly, Agrobacteria were transformed with 

20 the pGREEH>n^vect6r [den Dulk-Ra, A. and Hooykaas, P. J. 

(1995) iMetfi^ then selected using 30 mg/ml 

paromomyqinS; ^ were transformed with Agrobacteria and 

selected wing. 60^^ in liquid media. 

ScreeAing^ cells for isolation of colli expressing high 

25 levels of G(ED A;.:' . ■ 

14 days fblloyving transformation, cells from culture were plated on solid 
media at^ilutiOn^ot 3% pabkoicell volume for the formation of calli from individual 
clusters of caj|s" \yhen iii^vidual caiUi reached 1-2 cm in diameter, the cells were 
homogenized ia SDSJsample buffer and the resulting protein extracts were separated 

30 on SDSrPAGE';;iiaem^ LL, (.1970) Nature 227:680-685] and transferred to 
nitrocdhtiqse^^^ nitrocellulose, 0.45/ micron. Catalog No: 

FO^O^ as described in greater detail below. 

Western bipt*^ using polyclonal anti hGCD 
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antibodies (described herein below). Calli expressing significant levels of GCD were 

expanded and feansferred to grbwth in liquid media for scale up, protein purification 

and analysis. 

J^arge-scate. culture growth in a device according to the present invention 
5 An about 1 cm callus of genetically modified carrot cells containing the rh- 

GCD gene (S5<^tEC>; NOs: i3 and 14) was plated onto Murashige and Skoog (MS) 
9cm diam^tef? ^ 4.4gr/l MSD medium (Duchefa), 

9.9mg/l ^am^^l : 0u^i^); OlSmg folic acid (Sigma) 0.5mg/l biotin (Duchefa), 
0.8g/l Casein;^ sugar 30g/l and hormones 2-4 D (Sigma). The 

10 callus -wti-gftt^ 

Suspension cell ciilfure was prepared by sub-culturing the transformed callus 
in a MSD:Qs^d^^'&^\^og (1962) containing 0.2 mg/1 2,4-dicloroacetic acid) 
liquid mediun£^ in. the art. The suspension cells were cultivated in 

250ml Erlenm^yef flask (worjdikg ypliime starts with 25ml and after 7 days increases 

15 to 50ml) at ^Gtwth shaking spfced of 60rpm. Subsequently, cell culture volume 
was increased to ,1 ; L Erlerimeyer by addition of working volume up to 300ml under 
the same ^conditions/ Itiopidtim of ..the small bio-reactor (10L) [see WO 98/13469] 
containing 4E: MSD m^dito, was obtained by addition of 400ml suspension cells 
derived froiih that jvere cultivated for seven days. After week of 

20 cultivation^^ -^^y^th 1;L pin airflow* MSD medium was added up to 10L and the 
cultivation conditions. After additional five days of 

cultivation, harvested and collected by passing the cell media 

through 80ft net i^e'^fra-m^um Was squeezed out and the packed cell cake was 
. store at ^6°<^ W 

25 In a ^ transformed (Glucocerebrosidase (GCD)) 

carrot cell ^sp r ^^i6n,w^.m^iir^ in a device according to the present invention as . 
. opposed to .to Erje^qyer fl&le. Growth was measured as packed cell volume (4000 
rpm) and as W§ight. M^uring growth in the Erlenmeyer flask was performed by 
starting 21. fl^fe;^ ;i^ting 3 flasks every day. The harvested flasks were 
30 measured; for; diy weijght arid GCD content. Reactor harvest was 

performed by^jing (harvester); each day 50 ml of suspension were 
harvested f§jt^ - 

Figure42;-shpws . thatflie ceils grown in the flask initially show a higher rate 
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of growth, p6ssibly : due to the degree of aeration; however, the rates of growth for 

cells grown in ^ihe device aicui in the flask were ultimately found to be highly similar, 

and the experhnental results obtained in the below experiments to also be highly 

similar. 

5 The ^bunt of protein in the transfected plant cells was then measured. GCD 

was extracfedv^^hpsp^ 0.5 M pH 7.2 containing 10% w/w PVPP (Poly 

vinyl poly p^61i&^^ X-100. GCD content was measured in samples 

from flask ^o\^ s^pehsiQi?js and/or. with samples taken from cell cultures grown in 
the device of -ffie^resent mv^tio by using quantitative Western blot. The Western 

1 0 blot was performed ^s follows-. 

FmfX^.i^^^i^p^pej^-'bdxJOL the obtained sample were separated in SDS 
polyac^lamide.g^J' electrophoresis and transferred to nitrocellulose. For this purpose, 
SDS poiyaci^la^ prepared as follows. The SDS gels consist of a 

stacking gel-^d .a-'^ with Laemmli, UK 1970, Cleavage of 

1 5 structural profe^.d^Lgi assembly of the head of bacteriphage T4, Nature 227, 680- 
685). The comppsitioh o£lhe resolving gels was as follows: 12% acrylamide (Bio- 
Rad),. 4 imicrbUteK .. of TEMED . (N,N,N^N ! -te1imnethylethylenediamine; Sigma 
catalog hum^^ of gel solution, 0.1% SDS, 375 mM Tris-HCl, pH 

8.8 and amiiioitiii^ 0.1%. TEMED and ammonium persulfate were 

20 used in this, cofite^t ;^ free radical starters for the polymerization. About 20 minutes 
after the jintia^^ the stacking gel (3% acrylamide, 0.1% SDS, 

126 mM THsjp^ and 5 microliters of TEMED per 5ml of 

stackmg gel s6^ above the resolving gel, and a 12 or 18 space comb 

was insertejCf^create ^ 

25 Thean&^ were filled with identical buffer solution: 

Tris glycine b^ (giorad, catalog number 161-0772), pH 8.3. The 

antigenrcontaij^mg: materiiivvv'as treated with 0:5 volume of sample loading buffer 
(30ml glycerol (gij^a caMog number G9012), 9% SDS, 15 ml mercaptoethanol 
(Sigma, .187.5 mM Tris-HCl, pH 6.8, 500 microliters 

30 brompphenol^ 100 ml sample buffer), and the mixture was then 

heated atiOO and loaded onto the stacking gel. 

TW:elfe^ at room temperature for a suitable time 

period* f&r>x^ a constant current strength of 50-70 volts 
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followed by 45-60 inin at" 180-200 V61t for gels of 13 by 9 cm in size. The antigens 
were then transferred; to nitrocellulose (Schleicher and Schuell, Dassel). 

Protein/trarisfer was perforated substantially as described herein. The gel was 
located, together with. thp adjacent nitrocellulose, between Whatmann 3 MM filter 
5 paper, conductive, 0.5 cm-thick foamed material and wire electrodes which conduct 
the current by way of platinum electrodes. The filter paper, the foamed material and 
the nitxoqeUulos^w thoroughly with transfer buffer (TG buffer from 

Biorad, catalog ntimber, 161-0771, diluted 10 times with methanol and water buffer 
(20% methanoi)): : The transfer. was performed at 1 00 volts for 90 minutes at 4°C. 
.10 ^er ^ sites on the nitrocellulose were saturated, at 4 

°C ov^ni^^ih Jblpcid^; buffer, containing 1% dry milk (Dairy America), and 
0:1% Twe^£^ with phosphate buffer (Riedel deHaen, 

catalog -niunb^r .30435)., ^e. blot strips were incubated with an antibody (dilution, 
1 :6500 in phosphate buffer; containing 1% dry milk and 0.1% Tween 20 as above, pH 
15 7.5) at 37 °C .^oi thbw. V - 

After incubation with the antibody, the blot was washed three times for in 
each case 10 nniiutes with PBS (phosphate buffered sodium phosphate buffer (Riedel 
deHaen, . catalog nWber 30435)). The blot strips were then incubated, at room 
temperature for 1 % with a suitable secondary antibody (Goat and rabbit (whole 
20 molecule) HRP ^Si^a : e^t # A-4914)), dilution 1:3000 in buffer containing 1% dry 
. milk (Daii^.^ 0.1%. Tween 20 (Sigma. Cat P1379) diluted with 

. phosphate /Ttli^ number 30435)). After having been 

washed several <tfo the blot strips were stained with ECL developer 

. . reagents (i^ 

25 . Afief :£q^^ in the ECL reagents the blots were exposed to X- 

. ray filing and developed with FUJI-ANATOMDC developer 

. arid jBbter (FU^ cit^vEi^Tiyr 1 out of 2). The bands featuring proteins that 
were bound by^the an after this treatment. 

JRigur^^l results, indicating that the amount of GGD protein 

30 relative ^\to the. total. prpte^ (^lant cell and GCD) was highest on days 3 and 4, after 
which the relative leyel of GCD declined again. Results were similar for cells grown 
. in flasks br in &44"eyi9© ^ 6f the preset invention. 
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Ne^'*1^'st^V^utt ; ^ 7% and 15% packed cell volume wore compared 
(again, results were similar, for cells, grown in flasks or in the device of the present 
invention). By^'packed cell volume" it is meant the volume of cells setttling within 
the device of ;the present invention after any disturbing factors have been removed, 
5 such as aeration of ; the media. Figure 14 shows the growth curves, which are 
parallel; Figure 1_5 ^owsthe amount of GCD protein from a quantitative Western 
blot, ihdic^tinfe tfiat the ambunt of GCD protein relative to the total protein (plant cell 
and GCD);.:^ 5 and 6, after which the relative level of GCD 

declined agai^(it^ samples were taken from cells grown from 

10 15%]tiU2k^^ 

m 'j3rqw^Sli» t iheakiired over an extended period of time (14. days) to find the 
. stationary po^ty^ growth levels off. As shown with regard to Figure 

16, this-" pc^crf^ ^roiiBaii^dd^ dayr ' a $ er which growth is reduced somewhat. 
Therefore, : . to: "-b.6 y jEQble ■ to grow cells transfected with a polynucleotide 

15 expressing 'c^^'/^^B^ly^xiBs are grown at least until the stationary point, which 
in this Examjple is preferably mtil day 8 (or shortly thereafter). 

FigureWi?- shows vt^;^e iriaximum amount of GCD (relative to other 
proteins) is produced by transformed cells through day 8, after which the amount of 
GCD produce^ starts to decline. 
20 Adding at least some fresh media to the container was found to increase cell 

growth an&flj^^ produced by the cells. As shown with regard to 

Figure 18,vtl^ (media addition) and/or 

replacement on the fourth day maintains, high growth 

level of qeUs ■ feurlhCTtooi^, the replacement of media- with fresh media 

25 on day fotir^ amount of GCD to be produced (see 

Figure 19 for ^ Refreshing media" refers to replacement of 

all media :v^^ concentrated fresh media on day four also 

: results in a: ^gii^i^pi^. 6f GCD being produced (see Figure 20 for a quantitative 

Westeniblpt)§ -■SrV.V ■ 
30 The^efltect Wf^differerit sugar regimes on cell growth is shown with regard to 

Figure 21 , . and : oni production : of-. GCD is shown with regard to Figure 22. As 
previously d^c^ higher sucrose levels than normally 

recomirieM^^^ 
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that the coribentratiph in the media may optionally be 40g/l rather than 30g/l. One or 

more other ^sug^. may 6ptiotiaIly be added, such as glucose, fructose or other sugars, 

to complement sier^ae. Sucrose (and/or one or more other sugars) is also optionally 

and preferably/added during the cell culture process, more preferably on day 3 or 4 

5 after st2urting ik& culture process. The effect of these alterations to the cell culture 

process is des6ribed id greater detail below. 

In Figufe,21, the label 40g sucrose indicates that 40g of sucrose was added at 

the start of cbll growth;, the label "30g sucrose + lOg glucose" indicates that this 

combination hf- ..sugars : Was ^present at the start of cell growth; the label "extra 

10 sucrose" indicates' that ^ 30^ bf sucrosp was present at day zero (start of cell growth) 
and that 3Og^^ii^0se ^4s .^cided to the medium on day 4; the label "extra MSD" 
indicates thati^ addbd; and the label "control" indicates that 30g/l 

sucrose was (start of cell growth). As shown, the presence of 

extra MSE) had &e greatest effect by day 7, followed by the use of a higher amount 

15 of sucrose .(40%^X followed by the addition of sucrose mid-way through the growth 

cycle." • * •" 

Figure. 22- shows that both the use of a higher amount of sucrose (40g/l) in 
Figure . 22 A aid;.iie addition of sucrose on day four (Figure 22B) increased the 
amount of GCt) produced;;, however, the latter condition produced a spike of GCD 

20 production on day: 5/ while the fonner condition pro^ 
GCD production |<^^ . 

Inci^aseciv^ (i.e. - the presence of a more rapid gas 

exchange) s ^^incireased^ both increased the rate of growth of 

GCD trM^tm^^^^^^ For these experiments,- the -cultures - were- .initially 

25 aerated at l^^^;^t- : '^^c^ m d& per minute. Increased aeration was performed by 
mcre^m^; : &<^ 1.5 or 2 liters per minute, as shown with regard to 

Figure 23;! Q;£yg^n^ on the fourth day, with up to 300% oxygen 

added ^\^o^^tb : i rejg6^.to Figure 24 (solid line without symbols shows the 
oxygen pressi^e^H^thei^ conditions were identical. 

30 Fi^^ :23\^sh6ws the effect of aeration rate on cell growth in a 10 L device 

according tb /the ^present invention As shown, increased aeration (greater than the 
. base of l .L ^excfiaii^ ^^^daiWe), provided as 1.5 L per minute (Figure 23A) or 2 
L per minute (£i^e: 23B) resulted in: an increased level of cell growth. 
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Figure'|4^feows.tKe Effect of adding more oxygen to the device according to 

the present invention. Oxygen was added starting on day 4; the pressure of the 

additional oxyge&as shown as a solid black line without symbols. It should be noted 

that because the cell cultbre "medium becomes increasingly viscous as the cells grow 

.5 and multiply, Cthq. measurement .of oxygen pressure can be somewhat variable, even 

though, the' flow of oxygen was maintained at a constant level. As shown, cells 

. receiving, extras oxygen clearly showed a higher growth rate, particularly after day 7, 

when the grovrth; rate typicalty starts to level off, as shown for cells which did not 

receive oxygeri. '% 

10 * . Example Sb: 

CloHiHg^4^^^sion of Biologically Active Human Coagulation Factor 

: s ^v^W; \v^^>V X in Carrot Calli 

Plfcmiyye&w^ 

15 ta^l^P^^ the CE-K plasmid is a Bluescript SK+ 

plasnnd ; (S^ Jolla; CA)(SEQ ID NO: 15) with an additional cassette in the 

polycloning site containing all the necessary elements for high level expression and 
retention.mjthe endoplasimc reticulum of the. plant cells. This cassette includes (see 
sequence (SEQ.ID NO: 16 and map, see Figure 26): CaMV35S promoter, omega 

20 enhancer, DMA fiagtnerit coding for the ER targeting signal from the basic 
endocMtmase^ehe^ EcoRI and Sail restriction sites for fusion 

of the recra^bin^ retention signal, and the transcription 

. tennmitioa^ of the Agrobacterium tumefaciens bctopine 

' synthase :(&&^ 

25 pG^f^^tof: .^mary plasmid vectors are designed to integrate manipulated 

. DNA mtq:ihe^^^^ piGREEN, is a second generation binary vector for 

plant transfpim^ 

In. the:^G^ concept of seperating functions which can act in 

trans weraiaken step fuftUer. The RepA gene is not present on the cloning vector, 
30 but is proyi&$ .cm -a ;<^mp.atible plasmid, which is co-resident within transformed 
Agrobacterium; : ^Us^ -By/r function and other unnecssary 

conjugation;!^ size has been dramaticaly reduced. 

(HeUens^etal^ 
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Gomk^ofyhe Human Factor X gene: The cDNA for human coagulation 
factor X (ksFAGk;' GfcnBahk Accession No: M57285)(SEQ ED NOs:17 and 18XXX 
was pr^ared^ fidm ihe ..plasmid Sig-CEXGLY-FX-HDEL, which includes the 
complete cE>NA for Factor .X. The coding region was amplified and restriction sites 
5 for EcoRI an<i: Sall; added for sub-cloning according to art recognized protocols. 
Briefly, ihe';cbdihg sequence of mature Human Factor X was amplified using the 
forward primate. :\ . V 

Fx sfc^ 3' (SEQ ID 

no:19) ■ 

10 And; ^the; freyerse primer: Fx end Sail kdel: 

5 'GCGTCG^^ 3 ' (SEQ ID NO:20); 

dsp! efia^m^ of signals at the N- and C- terminals of the gene via the 

incorporate 

31ie ^pM^ were carried out using the Expand High Fidelity 

15 PCR System '^(j^^ catalogue number: 1732650), according to 

manufactxu:CTS;:ii^^^ P£R products were separated on a 1% agarose gel 

for identificatiqi^ Figure 25 shows the predominant 

amplified HSF^ . by arrow). The band was eluted, cut with the 

restriction ;en2^ ligated into a purified CE-K expression 

20 cassette accori^g'to.mm instructions. 

The figatio^^ tised to transform E-Coli DH5or and transformed 

bacteria \vereVseiebt^d on agarVplates with 100^g/ml ampicilline. Positive clones 
were selebt^^ FX forward and reverse primers,, and further 

verified byre^^ 

25 - was cut from the CEK-FX-ER plasmid using 

restriction p^^A^i^'wi ^ aL The binary vector pGREEN nos-kana was cut 
with thb^ai^ eluted from 1% agarose gel. The 

binary : vector cassette were ligated, and used to transform 

E. coli growth and plasmid extraction, 

30 positive cldn^w56re restriction analysis with HindlH and BgUL 

The selected (Figure 28,) was further verified by 

sequencing,;; t£ "v-; '?>*f;-*. ;' \ ■ . 
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P&h*^ of carrot cells was performed using 

Agrobacteririp*^ by an adaptation of a method described previously 

[Wurtele, -E:S4?^'!^d^^lC' Plant Sci. 61:253-262 (1989)]. Cells growing in liquid 
media were used ^ &oughbut ijie process instead of calli. Incubation and growth times 
5 were adapted^oir tfknsfbrmation of cells in liquid culture. Briefly, Agrobacteria 
LB4404 • wer4/%^ pGREEN noskana FX-ER vector by 

electroporatip^ Hooykaas, P. J. (1995) Methods Mol. Biol. 

55:63-72]. and ;th^..$elisGted using 30 mg/ml paromomycine antibiotic. Carrot cells 
(Daucus f carpto) ^ere transformed with Agrobacteria and selected using 60 mg/ml of 
10. paromomyem^antibiotira^ 

Expre&iQ$of&^ 

2&y**^^ in carrot cells: Transformed carrot cells were 

grown in Cop|!H|£^iba^ l^uac&sbi^ 8c Skoog medium (Physiol. Plant, 15, 473, 1962) 
15 supplem^ted- ^^ acetic acid, as described for GCD 

hereinabove; '^ after which the cells were harvested. 

Excess liqu^^ 100; mesh filter. The cell contents were extracted 

for the eyalua&ii BEP^P^^^* 6 ^^"-* 13 described in detail hereinabove. Carrot cells 
tcansfbimed^l£^VFX cDNA were analysed for FX expression by Western blot 
20 analysis tis^ X purified IgG From Affinity Biologicals 

; (Hamiltbh Ontmd; -e^aaa): A number of different cell lines were analysed (Figure 
30). Figurq.30 ■ ;(l^nes 1 . and 2) demonstrate the strong expression of Human factor X 
in the pakof ^eUs. vI^e different sizes observed are due to partial proccessing of the 
. recombinatit^^^ ■ 
25 . To^onfe^ protein, it's ability to be cleaved 

. by furin a cedcium dependent serine protease, and a major 

processing jeti^ne-of the secretory pathway. Furin cleaves Factor X as well as other 
plotfo&fecto^ Furin was purchased from New England Biolabs 

and the 'ci^ according to the manufacturer's 

30 recomendaitiQ^:^ the accurate digestion of the recombinant factor X 

by the fiirin (s£e l^fe 5 compared: to lane 6). 

Activity )^alysis ih carrot cells: Activity assay of the recombinant factor X 
was perform^^ :ii^^P<sS^feme FXa (Pefa-5523, Chromogenix, Milano,Ttaly)i a 
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chromogenib ^^ffeiae Subistrate for factor Xa. Figure 32 (see solid lines as compared 
to the brokeh lines) clearly show accurate Factor X activity in the extracts from 
carrot ceUs; ^x|)res^ FX grown in large scale culture. 

Large-scale culture growth in a device according to the present invention 
5 An about ^ of genetically modified carrot cells containing, the 

recombinant ^ t^^FX gcbe (SEQ ID NOs:16 and 21) are plated onto Murashige 
and Skqpg (MS) 9 cm diameter, agar medium plate containing 4.4gr/l MSD medium 
(Duchefa)j 9:9ihgfl thiamin HC1 (Duchefa), 0.5mg folic acid (Sigma) 0.5mg/l biotin 
(Duchefa), 0$g/l Casein hydrolisate (Duchefa), sugar 30g/l and hormones 2-4 D 
10 (Sigma, St Lojiisi MO). The callus is grown for 14 days at 25°C. 

Susj?ej^i6n; cell cviltuie is prepared by sub-culturing the transformed callus in 
a MSD (l^w^higi^ ^ & . Skobig (196^) containing 0.2 mg/1 2,4-dicloroadetic acid) 
liquid inecii^ art. The suspension cells are cultivated in 

250ml Erte]^ with 25ml and after 7 days increases 

15 to 50ml) speed of 60rpm. Subsequently, cell culture volume is 

increased -i^li- ^ri<dtrmeyOT addition of working volume up to 300ml under the 
same conditibW^ ^opulum of the small bio-reactor (10L) [see WO 98/13469] 
containing 4k M is obtained by addition of 400ml suspension cells 

derived .from t^p/lLvErleimeyer flasks that, was cultivated for seven days. After a 
20 week of pultivatipn at 25°C ytith lliter per minute airflow, MSD medium is added 
up to 1QL ^^i&je?keiWtiyatibn continued under the same conditions. After additional 
five days of . estivation, . most of the cells are harvested and collected by passing the 
cell media/.th^ medium is squeezed out and the packed cell 

. cake stored ; . ' • 

25 ^ca^j^S^: Cloning and Expression of Human Interferon & in Carrot 

^WtiS/ ; '\ ;■ : ...7" . - Colli 
.^aieria^ . 

GE^i*^^ of the CE-K plasmid is a Bluescript SK4- 

plasmid (^^^n^^^^^i^^ m NO: 15) with an additional cassette in the 
30 polycloning site ^ elements for high level expression and 

. retention in :':&^^d^liE^mLG- reticulum- of the plant cells. This cassette includes (see 
.sequent . ^S^^ft^ NG:27^nd nxap. Figure 37): CaMV35S promoter, omega 
enhancer^.^ the ER targeting signal from the basic 
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endocMtin^e'g^ thaliana], EcoRI and Sail restriction sites for fusion 

of the reronib^ retention signal, and the transcription 

termination and ^ ^plyadenyiation signal of the Agrobacterium tumefaciens octopine 
synthase (OCS) genk > ;* 
5 p^ZPiii:^mB^^&^ox are designed to integrate manipulated DNA into the 

genome of pl^tsi ;^e bm^ Ti vector pPZPlll (Hajdukiewicz, et al. Plant Mol 
Biol 1994; .25 j: 9894^ the gene for kanamycin resistance, adjacent to the 

left border. &B) of -the transferred region A lacZ alpha-peptide, with the pUC18 
multiple cloniiig jsitie (MCS), lies between the plant marker gene and the right border 
10 (RB). Thusi .iince the RB is transferred first, drug resistance is obtained only if the 
passenjger genig is:ptes6nt in the transgenic plants. 

Cloning 6f the Human Interferon 0 gene The cDNA for Human Interferon 0 
(Ifii/3, HU^^ No. M28622, SEQ ID NOs: 22 and 23) . 

gene was obt^e^froii ^ .(yeprotech Inc. Princeton, NJ). The coding region was 
15 . amplified and-resfep^on isites .EcoKI and Sail addition for sub-cloning. Two portions 
of the coding; n^W: of ^aftd^e Human Interferon 0 sequences were amplified, 
alternatively taifgS^ reticulum (using primers 1 and 2) or to the 

apoplast (using ;pi|&iidcs'-l.-aiidL3): 

1. forWard -primers: IfhjS start EcoRI: 

20 S'CAGAATTGATGAG 3 ' (SEQ ID NO: 24) 

.2; . ..Reyers^ 'primer: , Ifh/3 end Sail kdel 

5'GGATGTdGA^^ 3' (SEQ ID NO: 25) 

3. - ypdo^ n: Ifii/3 end Sail STOP 

5'GTG^CGXp^ ?' (SEQ ID NO: 26). 

25 AJso. ' : fii^^^^^^:^S^^- at ^ N " and C- terminals of the gene via the 

incorporated ^j^^^pi^^x^^'fa^ Sail. 

.Tie were carried out using the Expand High Fidelity 

PGR System f^^^ catalogue number: 1732650), according to the 

manufacturer^^ PCR products were separated on a 1%. agarose gel 

30 for identifica^o^ 0 sequence. The PCR product band was 

eluted as: descMliM^ and 1 0% of the eluted DNA was separated again on 

..' a 1% agafo^^lg^i j^r v^ification arid purification. Figure 33shows the purified 
cloned Hum^j^ 
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The ^.(^vJ^'iqc^Vwto \eluted, cut with the restriction enzymes EcoRI and 
Sail, and ligated \|aio./.»"C&K expression cassette according to manufacturer's 
instructions., 'v.--*' . 

The ligation; mixitire. was .used to transform E-Coli DHSce, transformed 
5 bacteria were seiepteii oii agar, plates with 100^g/ml ampiciline. Positive clones were 
selected by iPGR anialysis using 35S forward (SEQ ED NO: 5) and Terminator reverse 
(SEQ H> NO: 6)^fWers (Figures- 34 and 35). The cloning was further verified by 
restriction analysis using EcoRI + Sail, and Kpnl + Xbal (Figure 36). 

The expression cassettes were cut from the CEK-ifii-ER (Figure 37) and 

10 CEK-ifii-STOP. plasmids using restriction enzymes Kpnl and Xbal. The binary 
vector pPZPl 11 (Figure 38) was also cut with Kpnl and Xbal, dephosphorylated and 
eluted from l^o agarose gel. The binary vector and the interferon expression cassettes 
were ligate4': : |y^ coli DH5a and plasmid exfraction, positive 

clones were; venft&.by;PCR <and restriction analysis. 

15 Plant #£nffi of carrot cells was performed using 

Agrobacteriurn f; tt^foiination by an adaptation of a method described previously 
[Wurtele, RS-f^ Sci. 61:253-262 (198?)]. Cells growing in liquid 

media. were us^d^tebughout the process instead of calli. Incubation and growth times 
were adapted''^ of cells in liquid culture. Briefly, Agrobacteria 

.20 LB4404. were tra^fdrmed the "pzp-ifiL-KDEL" and pzp-ifia-STOP" vectors by 
electrop.qrati^ Hooykaas, P.J. (1995) Methods MoL BioL 

55:63-72] andithen Selected uising. 30 mg/nal paromomycine antibiotic. Carrot cells 
(Daucus caroiajwez? 'transformed with Agrobacteria and selected using 60 mg/ml of 
paromomycin^ antibiotics in liquid media. 

25' . %l m *V*;. :* " . . . Results 

Expression Interferon /3 in Cultured Carrot Cells 

Expression ^ Initial . analysis: Transformed 

carrot cells ;we£«^^^ & Skoog medium (Physiol. Plant, 

15, 473,- ..^^ : [^pie^^^^^-'0J2 mg/1 2,4 dichloromethoxy acetic acid, as 
30 described for GCD M&ein&ppve. Cell/were grown for seven days after which the cells 
were harvested: £2&cess liquid was separated on a 100 mesh filter. Two weeks 
following the^^fe^atiOh lcell samples were collected for preliminary analysis of 
interferon exp^esTsion: using- a dot J)lot assay using monoclonal mouse anti human 
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interferon tiefe; antibodies \ ! toi afBiity. purified rabbit anti interferon beta antibodies 
(Calbiophd^ gave a strong and specific signal in 

interferon j8 tt^3i^onned cells, and no signal in nontransformed cells. 

Selection of best expressing calli: Two weeks after transformation, human 

5 interferon j3 : "expressing cells : were poured over solid agar with selection antibiotics 
(Kanamycm ^d : :Ge^ representing individual transformation 

events. 'After;'^ were transferred to individual plates and 

grown for three nionths. .Enough material was recovered from the resultant calli to 
analyze the expression levels in individual calli, and identify the calli having 

10 strongest exp^ssioil Figure 40 shows a sample Western blot for screening the 
transformed- calli for . the strongest expression of human interferon fi (see, for 
example, lanes-l^ahd 2). ,•• 

Activity analysis in In order to assess the biological activity of 

the recombhi^tfi&Waii .interferon j3 produced in carrot cells, the recombinant 

15 expressed ^t^ p >^XM^y^'^ ^ e cy^op^ 0 inhibition effect (Rubinstein, 
et al J ; Vhol : 08l ; ;3^ Briefly, recombinant human interferon $ samples 

were pre-dti^d/khd applied to a pre-fonried monolayer of WISH cells (a human 
ainnionic bjp^e^ The WISH cells were challenged with vesicular 

stomatitis virus (^SV) andTceil viability monitored. The titer (expressed in U/ml) is 

20 determined relative to an NlH. standard human interferon 0. Table 1 shows the 
results of the ^^ cytopathic inhibition assay using protein extracts prepared from 
different ^^sgeiuc c^qtliiies^ 

Tabled-: Recombinant Human Interferon 0 Expressed in Carrot Calli 



^Sample number j 


Activity (C/ml) 




6,000 




12,000 


•' . ; :"';-^:^V-; v :.'.; ;•' \ ' .- 


16,000 


;.. /•:.-i^4-;r. ; ;;rx> :: ; ;•' ■ " 


12,000 




16,000 



25 Th^^ww of :flifese- results, recombinant human interferon 0 expressed in 

carrot calh ^ identity with native 

human iiitei^^^ - : 
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Large^cjale culture growth in a device according to the present invention 

An about* ;lcm callus of genetically modified carrot cells containing the 
recombinant tWan gene , interferon /3 (SEQ ID NOs: 27 and 28) are plated onto 
Murashige; an£ : §kpog;^i5). i?cra diameter agar medium plate containing 4.4gr/l 
5 MSD medium^^ thiamin HC1 (Duchefa), 0.5mg folic acid (Sigma) 

0.5mg/l Uotm^ Casein hydrolysate (Duchefa), sugar 30g/l and 

hormone^ 2A$> (Signiai StEbiiis, MO). The callus is grown for 14 days at 25°C. 

Suspension cell ctilture.is prepared by sub-culturing the transformed callus in 
a MSD (Munfaffige & Slcoog. (1962) containing 0.2 mg/1 2,4-dicloroacetic acid) 
10 liquid mediuih,: as is : well-known iii the art. The suspension cells are cultivated in 
250ml Erleiimey^r flask;(^oiidrig volume starts with 25ml and after 7 days increases 
to 50ml) at 25?C wiffi ^hal^g. speed of 60rpm. Subsequently, cell culture volume is 
. increased to 1$, ferienmeyer : by. addition of working volume up to 300ml under the 
same conditio^ bio-reactor (10L) [see WO 98/13469] 

15 containing 4L>MS^ by addition of 400ml suspension cells 

derived from^O ^ &lenn^yer flasks that was cultivated for seven days. After a 
week of 'cd^i&Bk at lii^'^^lik^ per minute airflow, MSD medium is added 
up to 10L an&'^ under the same conditions. After additional 

five days oi cifltiy^^ cells are harvested and collected by passing the 

20 cell media. thro;uj^^ medium is squeezed out and the packed cell 

cake stored atr^fe , A'J,**? * ' /' 

Example 5d: ^ bursal disease virus viral 

; prbtein 2 (VPB) in Carrot Colli 
Materials ajfid Experimental Procedures 
25 GE P^i/^;i^e ,baLCkborie of the GE plasmid is a Bluescript SK+ plasmid 

(Stratagene, Jt^ Jolia QA)(^EQ . ID NO: 15) with an additional cassette in the 
polyclonmg- sfe ^ ^e necessary elements for high level expression and 

retention in : ^ of the plant cells; This cassette includes (see 

sequence (S^' ^ XXX): CaMV35S promoter, omega 

30 enhance^ ■ ^M^^^'^^^- for ER targeting signal from the basic 
endocMtinas^:|e^^ [Arabidopsis thaliana], EcoRI and Sail restriction sites for fusion 
of the r<^i^m^ signal, and the transcription 
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termination and polyadeixyl^ion signal of the Agrobacterium tuinefaciens octopine 

synthase (OCS) gene-.' -VW/.\i 

pGA492: 0ik3ay vector, are designed to integrate manipulated DNA into the 
genome of .plants; pGA492 (An, Methods in Enzymol 1987; 

5 153: 292-3 OS^c^^fo^ 

Cloniiig of M^ i^ bursal disease virus viral protein 2 (VPII) gene: 

The cDNA. sequence for \ inifectious bursal disease virus viral protein 2 (VPII) gene 
(GenBank Adces4oii Nol.;L42284) (SEQ ID NO: 29) was obtained from DR. J. 
Pitkovski, MIGAL vKLi^aK^ Israel). The virus genome is formed by two 

10 segments of dcmtrf^ A (3.2 kb) contains two open reading 

frames (ORF^i At ahd Al codes for a polyprotein of 108 kDa that, after 

proteolytic prbe^ polypeptides: VP2 (VPII) (37 to 40 kDa), 

VP3 (30; to Z2^^ y mAy^A (22 k£)a). VPII and VP3 form the virus capsid, and 
W4isrespo^ 

15 The nag&j]^ ^.di^rfof^H was amplified with primers to facilitate cloning 

and signaTfuj^^ of VPII was amplified using the. 

forward pmner:^V ; \M~ ; T\ 

vpn- (SEQii)N6): ioytfy-/''* 

5' GCCTTGTdATGGCQGATGC 3 * 

20 And the fevef^e gmner: V \; . 

vph-(seq n>NQtr31) v : - A 

5' GCCGGTC^TfcTGTGCGATAAGGAGGATAG 

- 35 r' ; -S^ .. 

25 Mso ^ at the N- terminal of the gene via the 

incorporated fr^stnptign site, Sphl. ■ ; \ 

The ampUfic^tibnv^ out using the Expand High Fidelity PCR 

■'. System; . ; catalogue number: 1732650), according to 

manufac^er*s^ PGR products were separated on a 1% agarose gel 

30 for idetetjfic^ Figure 40 shows the predominant VPII band 

(marked by t£i i^b^):;! tte tiand Was eluted, cut with the restriction enzymes EcoRI 
and Sphl^;^^^ CE expression cassette according to the 

manufoctwer^ . V . : * 
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The ttgafioia mixture was used to transform E-Coli DHSod, and transformed 
bacteria were .selected on. agar plates with lOOjig/ml ampiciline. Positive clones were 
selected by PCJR analysis V S ^S 35S forward and Terminator reverse primers: 
Forward ptime^r fi£m the 35S promoter: 5 9 CTCAGAAGACCAGAGGGCT 3' (SEQ 
5 ID NO: 5) 

Backward ^riAq: ^ptri the tetminator: 5' CAAAGCGGCCATCGTGC 3 9 (SEQ ID 

• NO: 6) ' : /'J V- ,/ Vi.:, 

The expression, cassettes were cut from the CE-VPII plasmids using 
restriction .enz^es BainHI arid Xbal. The pGA492 vector was cut with Bgin and 

10 Xbal (B gin ^d BainHI b@v6 compatible sticky ends), and eluted from 1% agarose 
gel. The binary yebtor and the VPII expression cassettes were ligated and used to 
transfoi^ E^c^ After transformation, growth and plasmid 

extraction, positive cl6nes ! ware verified by PCR and restriction analysis. 

^^t\%a^Qj^i^h: Transformation of carrot cells was performed using 

15 AgrobaoieriuwM of a method described previously 

•[Wuitele;^ 61:253^262 (1989)]. Cells growing in liquid 

media were ii$ed ;i&^ instead of calli. Incubation and growth times 

were adapted^f^ in liquid culture. Briefly, Agrobacteria 

LB4404 : wet^ the "pGA492-CE-VPII" vector by electroporation 

20 [den Di^^A^ PL (1995) Methods Mol. Biol. 55:63-72] and then 

selected using- 30. ^^tx^ parqinomycine antibiotic. Carrot cells (Daucus carotd) were 
tr^foimeti '^j^fj^ot^ie^ and. selected using 60 mg/ml of paromomycine 
antibiotii&m^^^ 

25 Cultured Carrot Cells 

Sxpr^sionm in carrot cells: Initial analysis: Transformed 

carrot cells w%e:^d\^:in ctdtures in Murashige & Skoog medium (Physiol. Plant, 
15, 473, 1?<S£) ^ ^pplemented Willi 0.2 m^ 2,4 dichloromethoxy acetic acid, as 
described vfiS^gC^ Cell were grown for seven days after which the cells 

30 . were hai^este|::|®ikce^^ Wsa separated on a 100 mesh filter. Two weeks 

fbUow^-^;£^^tt^^o^ samples were collected for preliminary analysis of 
VPII expiessi&^^ing S -dot blof assay using chicken anti-IBDV and rabbit anti- 
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IBDV Antibodies. . Both iantibodies gave a strong and specific signal in VBII 
transformed ceils, ahd no signal in nontransformed cells. 

Sfilecdon df pe^e^ressing calli: Two weeks after transformation, human 
interferon 0- expressing cells were poured over solid agar with selection antibiotics 
5 (kanamycin /and % cefota3dme), to isolate calli representing individual transformation 
events. Afitt^^ were transferred to individual plates and 

grown for thre6 mbnths. . Enough material was recovered from the resultant calli to 
analyze the * e^^ calli by Western blot analysis, and 

identify the drili) paying Strongest expression. Figure 44 shows a sample Western 
10 blot for screening : thfe transformed calli for the strongest expression of VP11 (see, for 
example, l£miift\-^.cn|d. *rir^>: - *-Fo£LoWiiib the screening the best expressing callus 
(vp2R21) was selected aiid transferred to. Uquid media for expansion. 
Recombinant VPli- Chicken vaccination assay: 

Recombiii2utit : YP1.1 was assayed for effectiveness as a vaccine against 
15 infections bursal';disease iii chickens. Total protein extract was prepared from calli 
from line \^2f^i^ : and aidmimstered (to 10 4 weeks old chickens in each group) by 
injection (lmg ')5br^'o^y <3 X iOO^ig). Oral administration was performed by 
feeding. 2 gra^^^ Th e 
. protective effie^ with recombinant VPII are shown in Table 2: 

20 Table ^ VPH expressed in Carrot Cells 



. Treatment';: -.^^fi; •-; 


i;$iitibody 
'development % 


Bursal 
response % 


Death after 
exposure to virus 


Oral admmistejed ^extfact- 
(vp2R21) 




11 


1/10 


I.M. mjected.extfac£ v.'-. 
(vp2R21) :"?.< 




90 


0/10 


Commercial vaccihe:i i- 


,90 


100 


0/10 


Commercial vaeeme 2 


60 


100 


0/10 


untreated • • V- V-.V- •■„••: 


o ; .. 


0 


2/10 



hi a : s^ ypll were administered orally, resulting in 

irnm iini^ ^H^^?^ of fiQ vchickens (resuts not shown). Thus, recombinant Vpll 
expressed ih <^o£e^ injected vaccine. 

25 tafge^caie pUlmx^ growth in a device according to the present invention 

: AiL:a^iifi? modified carrot cells containing the 

re^mbin^t^il^EQ^I) ^s: .32 /and 33) are plated onto Murashige and Skoog 
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(MS) 9cm diameter agar inedium plate containing 4.4gr/l MSD medium (Duchefa), 
9.9mg/l thiamin HC1 (Duchefa), 0.5mg folic acid (Sigma) 0.5mg/l biotin (Duchefa), 
0.8g/l Casein .hydrolisate (Duchefa), sugar 30g/l and hormones 2-4 D (Sigma, St 
Louis, MO), The Callus is grown for 14 days at 25°C. 

5 Suspensionj cell cvilture is prepared by sub-culturing the transformed callus in 

a MSD (MuraisMge & .Skoog; (1962) containing 0.2 mg/1 2,4-dicloroacetic acid) 
liquid medit^- ^Vis/weU art. The suspension cells are cultivated in 

250ml Erlenm^yer v flask ^ (working volume starts with 25ml and after 7 days increases 
to 50ml) at 25°C ^ifh shaking.speed of 60rpm. Subsequently, cell culture volume is 

10 increased to l : t prlehmeyer l>y addition of working volume up to 300ml under the 
same conditions;^ bio-reactor (10L) [see WO 98/13469] 

containing; 4E^SD inedium, by addition of 400ml suspension cells 

derived from, two, 1L Erlenmeyer flasks that was cultivated for seven days. After a 
week of cultivation at 25°C with ILiter per minute airflow, MSD medium is added 

15 up to lOLandth^c^ under the same conditions. After additional 

five days of cultivation, ikost of the cells are harvested and collected by passing the 
cell media t^6uj^ extra medium is squeezed out and the packed cell 

cake stored at^7<^ - ; 

20 It is agprb&tf^ of the invention, which are, for clarity, 

described in^ embodiments, may also be provided in 

combination- it£ai:^gte^ Conversely, various features of the invention, 

which ^ fb^ in the context of a single embodiment, may also be 

provided S^^atS^^ 

25 

Alfoougfr -the ^ mvehtion has been described in conjunction with specific 
embodiments 4h^of,. : it is evident that many alternatives, modifications and variations 
will be appari^t. tc^ tihose sMled m the art Accordingly, it is intended to embrace all 
- . such alteitiat^ that, fall within the spirit and broad 

30 scope of ..the:^ All publications, patents and patent applications 

mentioned ih;|^^^ incorporated in their entirety by reference 

- into the ij^^^ if each individual pubhcation,. patent or 

patent applied individually indicated to be incorporated 
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herein by reference.- In addition, citation or identification of any reference in this 

application s&iii not Be. construed as an admission that such reference is available as 
prior art to thapresent invention. 
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WHAT IS CLiMMEt) IS: ''. 

1; A disposable device for axenically culturing and harvesting cells 
and/or tissue in ^.t least :one cycle, said device comprising a sterilisable disposable 
container having a/top end .and a bottom end, which container may be at least partially 
filled with a! stota&lp sterile biological cell and/or tissue culture medium and/or axenic 
inoculant ^cjj/pr sterile ;.air.. ^d/or; required other sterile additives, said container 
(X)mprising; @. removing excess air and/or waste gases from said 

container, (u):>^ for introducing said inoculant and/or said culture 

medium and/pr isaid additives into said container; and characterized in further 
comprising "(iii) reusable .liaarvester comprising a flow controller for enabling 
harvesting of at least a d^ir^ portion of said medium containing cells and/or tissues 
when desired>^^e6y ^ ^abling said device to be used continuously for at least one 
further cbns^uttve ciitoih^arvesting cycle, wherein a remainder of said medium 
containing (^ils .md/or tissue; remaining from a previous harvested cycle, may serve 
as inoculant for a next c^ture and harvest cycle, wherein said culture medium and/or 
said required additiyes aire ptovided. 

.2. : ': ^TO^Sevicdlof claim 1 , . wherein said disposable container is transparent 
and/or transluceij^ 

3. further comprising an air inlet for introducing 
sterile g^ ip^^ said culture medium through a first inlet 
openmg,.Wlieri^ correctable to a suitable gas supply. 

4. ;-alie;^^ air inlet is for introducing sterile 
gas more than:pnpe ^ duHhjj picturing* ;•. 

5\ \ .^e;4^^of claim. 4, wherein said air inlet is for continuously 
infrodupbig st^ .».V % 

-;:^5:' wherein a plurality of different gases are 

introduced/ at '^f^ 
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7; Tlie device of claim .1, said harvester comprising a contamination 
preventer for substantially preventiiig introduction of contaminants into said container 
via said harvester. ...... 

8. The iievice of claim. 1, wherein said container is non-rigid. 

9. / ^;^^d^vice:6f claim ^.wherein said container is made from a non-rigid 
plastic material v.: / ; \; * -. 

10/ Virile d^yice of claim 9, wherein said material is selected from the group 
comprising p61yfe^^leii^^ ^polycarboiiate, a copolymer of polyethylene and nylon, 
' PVC andEVAj V&P^*& "1? ' ' 

11. ;^The device of claim 9, wherein said container is made from a laminate 
of more than qn^-layer of said materials. 

12. The; 'device of claim 9, wherein said container is formed by fusion 
bonding two suitable sheets of said material along predetermined seams. 

13 H^j^devibe of claim .wherein said air inlet comprises an air inlet pipe 
extending ftb^s^d ii^efcope a. location inside said contamer at or near said 

bottom end ffi(^e^/ ; ; . . . ' 

14; ^^-;d§^ 3, wherein said at least one air inlet comprises a least 

one air inlet ^ air supply and in communication with a 

plurality : of s^cciiid^ Mk^Ripes;.. each said secondary inlet pipe extending to a 
location insid^ Met opening therein, for introducing 

sterile air ia;(h^|pM.of bubbles intb said culture medium; 

15; %^^dey^vof claim 14, wherein said device comprises a substantially 
box-like geo^ an overall length, height and width. 
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16. : '/^e iievice ^qf claim 15, wherein the height-to-length ratio is between 
about 1 and about 3, and preferably about 1.85. 

17. . The . device of claim 15, wherein the height to width ratio is between 
about 5 and ^66ut 30, and preferably.about 13. . 

18. : >-:^3ie;: device of claim 16, wherein said device comprises a support 
aperture ^ subst^tiMiy spanning the depth of said device, said aperture adapted to 
enable said-4eVi^ to. be supported on a suitable pole support 

19/ ^kr^/&^vicp .of claim 14, further comprising a support structure for 
supportog $aiH-d^ce- : .; V 

20. / : ^^ ; ijevice of claim 1 9, wherein said support structure comprises a pair 
of opposed ff^nes, leach said frame comprising upper and lower support members 
spaced by a:pli^ support members suitably joined 
to said uppers ^dlower support members. 

21. tffio device of claim 20, wherein said plurality of vertical support 
members ^ cqii^i : ste>of at least one said vertical support member at each longitudinal 
extremity of sgid^pper and lower support members. 

' 2%:.: *'% wherein said frames are spaced from each 

other b^fplm^ releasably or integrally joined to said frames. 

.23v",/*^ wherein said spacing bars are strategically 

located sm<&;t^ and removed relatively easily from said 

support si(iiKjt^4';v r >'y 

24.. ' ^^fedevic^ of. claim 20, wherein said lower support member of each 
said frame cbfepp^ Wer support adapted for receiving and supporting 

a coirespohdmgpoW 
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25. The device bf claim 24, wherein each said lower support is in the form 

of suitably shaped fab projecting from each of the lower support members in the 
direction of the opposed frame. 

26. ^ The device of claim 20, wherein said frames each comprise at least one 
interpartitioudir. projecting from each frame in the direction of the opposed frame, for 
to pushing ag^st .the sidewall of said device at a predetermined position, such that 
opposed paire bf^ reduce the width of said device at 
said predefeniiined position. .' 

27. i device of claim 26, wherein said interpartitioner comprise suitable 
wbstantially Ve^ from said upper and lower support members in 
a direction towards the opposed frame with suitable upper and lower struts. 

28. :The device of claim 19, wherein, said support structure comprises a 
plurality of bastofs fbr transporting. said devices. 

29. .The device of claim 3, wherein at least some of said air bubbles 
comprise a mean^ diameter of between, about 1 mm and about 10 mm. 

30'.. /V^ wherein at least some of said air bubbles 

comprise a. mfe^ 

31 : :i^e ,: 'd^ds^ )of r claM/t, wherein said container comprises a suitable 
filter mounted bn said ; outlet for substantially preventing introduction of 
contaminants into Jsaid cphtahier via said gas outlet. 

32, : >Tli^ y^^i^;6f clBim\ l. 9 wherein said container further comprises a 
suitable ^ fit0r ^6^^!;on; said additive inlet for substantially preventing introduction 
of contaminaife into 'said . oohtamer via said additive inlet. 
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33. . -yifi^ device of. claim 1, further comprising a contamination preventer 
comprising a U-shaped fluid trap, wherein one arm thereof is aseptically mounted to 
an external butiet of isaid harvester by suitable aseptic connector. 

34. "The device of claim 1, wherein said harvester is located at the bottom 
of said bottom end of said container.. 

35/ .: ; The device of . claim 1, wherein said harvester is located near the 
bottom, of szud'.^ such that at the end of each harvesting 

cycle saki'icqpfe^^ ce lls and/or tissue automatically 

remains & said: container up to a level below the level of said 

harvester. /■" \p- • • • 

36. The , device . of claim 1, wherein said remainder of said medium 
containing cells atid/or tissue is determined at least partially according to a distance d2 
torn the bottom .Off said container to said harvester. 

37. ...The .device of claim 1, wherein said remainder of said medium 
containing ceUs and/pr tissue comprises from about 2.5% to about 45% of the original 
volume of said culture medium and sdd inoculant. 

38. 37, wherein said remainder of said medium 
containing:0]lk ^dfortissuip comprises from about 10% to about 20% of the original 
volume of sd^C^itoe rii^iSwm and said inoculant. 

39. ^^^ wherein said bottom end is substantially 
convex, .y- '•; - : \'/ : \ . - ' . • . 

40.. ^;p1ie ^ devibe/bf claim 1, wherein said bottom end is substantially frusta- 
conical. , 
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41: 1; f icfi^'4eyi0e of claim 1, wherein said container comprises an internal 
fillable . volume .of between about 5 liters and about 200. liters, preferably between 
about 50 UtersVand JSO liters, and preferably about 100 liters. 

42. ''-The device of claim 1, wherein said device further comprises suitable 
attacher for Attaching said device to a suitable support structure. 

4$ ; -The device of claim 42, wherein said attacher comprises a loop of 
suitable material J preferably integrally attached to said top end of said container. 

44.. - to plant cell culture, 

45. : : ^IT^^ wherein said plant cell culture comprises plant 
cells capable of 

46. :.Th| %yice "of .claim 45, wherein said plant cells are selected from the 
group consisting ; of alfalfa cells, tobacco cells, and tobacco cell line cells. 

47. • <The device of claim 44, wherein said plant cell culture comprises plant 
cells obtained frbm a plant root. 

48. . ^^^de^de^ofi'claim .47, wherein said plant root cell is selected from 
the group oom$^ 'rhizogenes transformed root cell, a celery 

cell, a ginger t^ll^a ^or$^adish cell and a carrot cell. 

■' ' -'''V • /.\ " ' . 

49/ said recombinant protein is selected 

from the grotifo^^ protein, a viral protein a eukaryotic protein 

and a dawi^i^p^xi^ ; 

50. ! ^e ^'de^e^f claim 49, wherein said viral protein is the infectious 
bursal <ftseais<^^s 
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51 ! : ^Th£ .4eyide" of claim 49, wherein said eukaryotic protein is Human 
interferon /?. • '..•>-'• 

52. Th6 device of claim 49, wherein said eukaryotic protein is a Human 
clotting factor. 

53. . The; device of claim 52, wherein said clotting factor is Human Factor 

x. ' "V- 

54. .;V3S^ ; 4^(^:Of^claw 49, wherein said eukaryotic protein is a Human 
lysosomal jenz^^V v "( V;:;-. 

55;; / wherein said lysosomal enzyme is Human 

glucocerehrosMase. 

56. battery of .-said devices, comprising at least two said disposable 
devices of claim 3; . 

57.. .Th^ battery of claim 56, wherein said devices are supported by a 
suitable support structure via an attacher of each said device. 

581 • fHe battery pf claim 56, wherein said gas outlet of each said device is 
suitably coi4^ piping which optionally comprises a 

blocker for; preyent^ flowing into said devices. 

S9:.; /^ wherein said blocker comprises a suitable 

filter. ■ ,. .V ; .;'.;// J ' 

.60. . . ba1t^;b^i#im wherein said additive inlet of each said device 

is suit^ly:'cpii^^t«i;to a ^minon ^dditive inlet piping having a free end optionally 
comprising suitable as^tic TO^ectbr thereat. 
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6lV. .. Th^ battery .of claim 60, wherein said free end is connectable to a 
suitable supply of mediumi arid/or additives. 

62. ; lie battery of ;claim 56, wherein said harvester of each said device is 
suitably ctthn&ri^ having a free end optionally 
comprising i^fel^ thereat 

63. . The batteiy of claim. 62, further comprising contamination preventer 
for substantially preventing introduction of contaminants into said container via said 
common harvesting piping. 

64. ' . '^ wherein said contamination preventer 
comprises thereof is free having an opening 
and wherdja ^ t^e; other, eni. &ereof is aseptically mountable to said free end of said 
coinmon harv^stmglpi^ing • via suitable aiseptic connector. 

65.. :^^in^"ii*fa^/6^ "claixn" -<S4, wherein said free end of said U-tube is 
connectable to ;a suitable receiving tank. 

66. "•.'frhei battery: of claim 56, wherein said air inlet of each said device is 
suitably coimected . to' a common air inlet piping having a free end optionally 
comprising suite^le. aseptic connector thereat. 

■ . 67^ ^ wherein said free end is connectable to a 

suitable air si^iply:^^ 

<r"^:^C°'\ & :.' ■ 

68J. culturing and harvesting cells and/or tissue in 

a disposable: ^ /•■•'•' 

" : pro^dmg: ^said ;4eyi6e' whidi comprises a sterilisable transparent and/or 
transluCOTt fti^jtote contaiftbr haying a top end and a bottom end, which container 
may be^&t le^st J^tially Mte&. with; a suitable sterile biological cell and/or tissue 
culture medittfgt ^d/br axeiuc iiaoc^tot and/or sterile air and/or other sterile required 
additives, ^md coht^ner 6pmprisirig: . 
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(i) gas Wtletfor iieinoyiiig excess air and/or waste gases from said container; 

(ii) ad<fitiy£ inlet for introducing said inoculant and/or said culture medium 
and/or said-additiyes into said container; 

(iii) reusable :har^ester comprising suitable flow controller for enabling 
harvesting of at least a portion of said medium containing cells and/or tissue when 
desired, thereby enabling said device to be used continuously for at least one further 
consecutive cycle, wherein a remainder of said medium containing cells and/or tissue, 
remaining frojn. a previously harvested cycle may serve as inoculant for a next culture 
and harvest cycle, . wherein said culture medium and/or said required additives are 
provided; \„ A • 

proyidiyg'axemc inoculant via said harvester; 

pro\a^g: St(arile said cultute . medium and/or* sterile said additives via said 
additive inlet; : V\ :/ . • . 

optibti^y^txc^aM^ said container with external light; and 
allowi^s^ tissue to grow in said medium to a desired yield. 

69, I'The method of claim 68, further comprising: 

aUbwiiig excess air and/or waste gases to leave said container continuously via 
said gas outlets v ; *f. . : : : 

70; ; : T^ further comprising: 

checking ^'^C^iitiunvu^ and/or the quality of the cells/tissues which are 
produced; in said;: c$6nt^^: if contaiimants .are found or the cells/tissues which are 
produced are ^^^i;qia^^i^e device and its contents are disposed of; 

if og^aa^^^i^^' found,, harvesting said desired portion of said medium 



containing ce^s;j^^ 

7iy - ; nl^ib^mei^ while harvesting said desired portion, 

leaving a re^iii^d:^' -Bf Imi^aim contaixung cells and/or tissue in said container, 



wherein said:;femaind^f VSfr^^mn- serves as inoculant for a next culture/harvest 
cycle. \^r^i-y\ ^'^ : r\/y *'■:-••' ' ■• ' 



71: } ^ comprising: 
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provitog' sterile smd culture medivim and/or sterile said additives for the next 

cvdtare/baiye& and 

r^eating^'ihe.; growth cycle until said contaminants are foiind or the 
cells/tissues whibh . are produced are of poor quality, whereupon the device and its 
contents are disposed of 

73. The method^of claiin 68, wherein said device further comprises an air 
inlet for'.introducing sterile air in the form of bubbles into said culture medium 
through a first;iilqt ppenin to a suitable sterile air supply, said method 

further c^mpriising fiie step pf providing sterile air to said air inlet during the first and 
each subse^ueqf cycle. . .. . 

■ J4,;\ \ ^thod ?of . claim 73, wherein said sterile air is supplied 
continuously ^^d^wt^lai^t one culturing cycle. 

75;. ^ 73, wherein said sterile air is supplied in pulses 

during at least j one ^ cxilturmg cycle. 

.76. ;^^^dS^''fti * clairi3L - 68 ' wherein said ceUs com P rise P lant cells 
capable of expressing a recombinant protein. 

. ; ;^^metlK)d;Of claim 76, wherein said plant cells are selected from the 
group w^i^g : of^^fa%lis; tobacco cells, and tobacco cell line cells. 

78v.^ ce U s comprise plant cells 

obtained fi^qi^^p^rtdtlv -.j ,'v. 

^9;: :" : ^^Jir^^ wherein said plant root cell is selected from 

-the gcoixp '(^i^g^f Mycobacterium rhizogenes transformed root cell, a celery 
cell, a ging& cel^ a carrot cell. 
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80/>;;V^e!tneftod of claim 76; wherein said recombinant protein is selected 
from the ^qu^ protein, a viral protein a eukaryotic protein 

and a chimeric^i^tein^ " 

81. ^t^''i^a|od' of claim 80, wherein said viral protein is the infectious 
bursal disease yirus viral protein' VPIL 

82. The method of claim 80, wherein said eukaryotic protein is Human 
interferon ft . 

83. . /- The Method of claim 80, wherein said eukaryotic protein is a Human 
clotting factor > ^ 

84^;^ claim 83, wherein said clotting factor is Human Factor 

85, r :: ^Th^.inetho4 Q$ claim 84, wherein said eukaryotic protein is a Human 
lysosomal hhzyme)' .' 

. 86.. .;^e^ethod of claim. 80, wherein said lysosomal enzyme is Human 
^ucocerehrosiija^e: • 

87, ?: A ^etl^bd. f^r axenically culturing and harvesting cells and/or tissue in 
a battery of ^ <hsi>q3able deuces comprising: 

provid^gVa batte^ of devices of claim 64, and for at least one said device 

thereof: - ■ '^^^ -Hv /* ■ , -* ' : 

pr<w<M{£^ said device via a common harvesting piping; 

: ptofa^^ and/or sterile additives to said device via 

<x>mmoh : , 

opt^onffll^ with external light; and 
' : -|ailp^a^ai<i-;^^^^or tissue in said device to grow in said medium to a 
' desked yield: ■S'iv / ':' % 
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88,-: ^^meflxddof clato 87, ftulher comprising: 

.aUo\^g .ex^s"air : and/or waste gases to leave said device continuously via 
common gas odtlet;piping; . 

checkinfg;fdr; wntariunants and/or the quality of the cells/tissues which are 
produced in s^d^^ev^: M said device contaminants are found or the cells/tissues 
which are produced :j^;^f\^^T ^q^^ty 9 said harvester of said device is closed off 
preventing cpntah said devices of said battery; 

if in ^{dFiWd'iiS^Gra- of . said battery contaminants are found or the 
ceUs/tissues; wWch- aire produced therein are of poor quality, all the devices and their 
contents aire disposed of; 

if cont£«ninants are not found and the quality of the produced cells/tissues is 
acceptable, for ^eacli- harvestable device, harvesting a desired portion of said medium 
containing cefis-^^or 1is3u^ via common harvesting piping and said contamination 
preventer to a ^ 

89^ '^^^ffipd- of claim 88, wherein a remainder of medium containing 
cells and/or ^ said container, wherein said remainder serves as 

inoculant for a.^ cycle; and the method further comprises: 

providing Sterile sdd 'culture medium and/or sterile said additives for the next 
culture/harvest cycle via said ;additive' inlet to form a growth cycle. 

wherein said growth cycle is repeated until 
said cohtamin^^ which are produced are of poor quality 

: for all of s^: devices of said- bat^, whereupon said contamination preventer is 
(Usconnected \^^/ : a.'o(rianwil harvester and said devices and their contents are 
disposed of: . : . 

;9L wherein, said cells comprise plant cells 

capable of expfess^g a 

92^/ ^ 91, wherein said plant cells are selected from the 

group consist^ 
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.93. ; : ^ -mefliqd of : claim 87, wherein said cells comprise plant cells 
obtained from ;.a plant root. 

. 94. : r?rie ^ methSS of claim 93, wherein said plant root cell is selected from 
the group coiisistiiig of aixi Agrobacterium rhizogenes transformed root cell, a celery 
cell, a ginger $.eili a horseradish cell and a carrot cell. 

95. The iiethod of claim 91, wherein said recombinant protein is selected 
from the group cdnsistto^ protein, a viral protein a eukaryotic protein 

and a ch^fericiprotein:. 

96/ - '^tS^ia^si^ of claim 95, wherein said viral protein is the infectious 
bursal disease Vitus viral protein VPH. 

97. '. :^li^ melh^ of claim #5, wherein said eukaryotic protein is Human 
interferon /S.. ypyi V ■ 

98> 95, wherein said eukaryotic protein is a Human 

dotting factory ' \"\ 



X. 



.99. . wherein said clotting factor is Human Factor 



.100. - :^Thi .method- of chum 99, wherein said eukaryotic protein is a Human 



; 101-; wherein said lysosomal enzyme is Human 



102;.. t^met^b& and harvesting cells and/or tissue in 

a battei^.of dispos^Wed 

■ prtj^ii^^ of claim 67, and for at least one said device 
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ptovidiig'axetdo inoculant to said device via common harvesting piping; 

provid^g^terile said culture medium and/or sterile additives to said device via 
common additive, jnlet piping;. . 

prowdmg$terile ..air to said device via common air inlet piping; 

optionally iiiuniinkting said device with external light; and 

aUowittg said; <5eUi and/or tissue in said device to grow in said medium to a 
desired yidtd.;;'' 1 ' ' '.'..'.*"/•".' 

103... . ;The method of claim 102, further comprising: 

aUowmg. excess an. and/Or waste gases to leave said device continuously via 
common gas gUflet pipin^.and 

.check^V^cQntanjiriai^ • 'an(J/or the quality of the cells/tissues which are 
produced, in s#d;de^ce: if in said device contaminants are found or the cells/tissues 
which are produced . are v6f poor quality; said harvester of said device is closed off 
preventmg cb^^ devices of said battery; if in all of said devices 

of said batt^^on^^ahts are found or the cells/tissues which are produced therein 
are of^^^^^fb^^P 08 ^ their contents are disposed of; if contaminants 
are not foundlndtme ,qu|^of the produced cells/tissues is acceptable, the device is 
considered haryesfeble., = 

104. .:^ii^medioxl'^£-claim : 103, further comprising: 

haivesfjngiai^ ^ast ^deskedpoition of said medium containing cells and/or 
tissue far; •p|^ : ^h^^ie:-deyice" via. common harvesting piping and said 
TOntaminatibhipreyen^ 

lOS: : &e : :metho.d of claim 104, wherein a remainder of medium containing 
cells ^&yU^J&a^:in said container, wherein said remainder serves as 
moculantfa:^^^ and the method further comprises: 

' ^T^^^^^^^P^^ anfltor steciLe said' additives for the next 
culture^anres^ inlet to form a growth cycle. 

claim/ 105, wherein said growth cycle is repeated until 
said c»ntamih%Sarfe &unl^r'the ceUs/tissues which are produced are of poor quality 
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for all of said - <teyices of said battery, whereupon said contamination preventer is 
disconnected %oin. a common harvester and said devices and their contents are 
disposed of, "1 

idlt -;|i^§etih|)d of claim 102, wherein said cdls comprise plant cells 



108. 'M|mej^d : 0f claim 107, wherein said plant cells are selected from the 
group consisting-^ tobacco cells, and tobacco cell line cells. 

109, :^e : method of claim 102, wherein said cells comprise plant cells 
obtained from; & plant toot- : J . 

HO; "Me.memod of claim 109, wherein said plant root cell is selected from 
the group /consisted of ^Agrpbacterium rhizogenes transformed root cell, a celery 
cell, a ginger c^ulah&r^ 

1 1 1 4^^e^ia;W.ciaim 107, wherein said recombinant protein is selected 
from me grpup;<^ protein, a viral protein a eukaryotic protein 

and a chmien^prptem'. ;.. V > ;.' 

112. :^^ethod of 'claim 111, wherein said viral protein is the infectious 
. bursal diseaseyir^^ai prbtem 

113i\?^^r^emod of claim-ill, wherein said eukaryotic protein is Human 
mterferbnjS. ■ 

il^. f^m^d o£:4^ 1 11. wherein said eukaryotic protein is a Human 
clotting feictor^v^- ^ ; '■- 

'll5; ; ^^#ethp1d f of ^a%1.14, wherein said eukaryotic protein is Human 
Factor J|;SpX' ; \^!> .»$':'; • 



WO 2005/080544 PCT/IL2005/000228 

89 

116, 'Theinethod of claim 111, wherein said eukaryotic protein is a Human 
lysosomal eazyjne: 

117. '^e: method of" claim 116, wherein said eukaryotic protein is Human 
glucocerebfosi^ase:. 

118- * '^S^ee'.fpr plant cell culture, comprising a disposable container for 
culturing plah^pellsV . : ' " : 

119. Ttii.d wherein said disposable container is capable 

of being used^qntinuously for at least one further consecutive culturing/harvesting 
cycle. "y. ■ Z- mf - f '•/-' : . 

.120. ^l^te device of claim 119, further comprising: 

a reus|U6 Harvester' comprising, a flow controller for enabling harvesting of at 
least a desn4 containing cells and/or tissues when desired, 

mereby enah^'&d: device to -be used continuously for at least one further 
consecutive eul^M^^esting cycle. 

121: ?3^f ^^deWce of claim . 120, wherein said flow controller maintains 
sterili^ ^ii^^^:^^: 1 ^^ containing cells and/or tissue, such that said 
remainder of^^^ediub iemzdning from a previous harvested cycle, serves as 
mocul^t&ra^ 

12±V.^ said ceUs comprise plant cells 

capable of expressing a recombinant protein. 

:123;- Sldevice^of claim 45, wherein said plant cells are selected from the 
group <»iis^^|ii^^^Wtob«uH» cells,- and tobacco cell line cells. 



ii^^l^eSdevicer Of claim 118; wherein said plant cells comprise plant cells 
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125. !The4evice of claim 124, wherein said plant root cell is selected from 

the group coMstirig :0f an.Agrobacterium rhizogenes transformed root cell, a celery 
cell, a ginger cell, a horseradish cell and a carrot cell. 

126. ^Cdevic^ of claim 122, wherein said recombinant protein is selected 
from lhe,gi^c^ a viral protein a eukaryotic protein 

and a chim^^rptein, ;.. . 

..[*' ■*'•..'. - * •* • - ■ "." 

127:; device of. claim 126, wherein said viral protein is the infectious 
bursal dise^e/$i^-yit& protein. VPIL 

128. '•Mer^syice'ot claini-i26, wherein said eukaryotic protein is Human 
interferon /Sv _\\ " 

129. : The?deyice of claim 126, wherein said eukaryotic protein is a Human 
clotting factof. ; . ? 

130: ;.^e : 4evice .of claim 129, wherein said eukaryotic protein is Human 
' Factor X. --' : ' : V:. ^-'n " ■ ' '. 

.13 L ^%^^^^of^\^'126 9 wherein said eukaryotic protein is a Human 
lysosoinaien^^;;^. . f..'::- :: V 

132/ . ^ wherein said eukaryotic protein is Human 

glucoc^rebrosidia'se. y . • 

133; cAkiethod for culturing plant cells, comprising: 
cultu^g piant ceils in a disposable container. 

134^^^^'^ 133, wherein said disposable container comprises 

an air Met gas or a combination of gases. 

"135: [ SS^^ wherein said sterile gas comprises air. 
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i36. ;>^-'meQKft. of claim 135, wherein said sterile gas combination 
comprises a combination of air and additional oxygen. 

137 ? -The method, of claim 136, wherein said additional oxygen is added 
separately frotix said -air. : . 

138; ji^^Qihtfd of claim 137, wherein said additional oxygen is added a 
plurality of days after initiating cell culture. 

139; -"fS^A^i^ofliAs^ 134, wherein said sterile gas or combination of 
gases is addei more than ohbe during culturing. 

140. '-'i^^v^od. of claim 134, wherein said air inlet is for continuously 
introducing sterile'gas, : v 

141. v Tte: method, of claim 134, wherein a plurality of different gases is 
introduced at. ^ffee^linies and/or concentrations through said air inlet. 

142V :lTOS:inethocl of claim 134, further comprising; 
aerating ^ s^d ^Us. through said inlet. 

143, 142, wherein said aerating comprises 
administermg'at l|ast 1 *5 L gk^ per minute. 

144, ; ^ 

pro\a(^^ufecient-m 

145, ; y 'bi4 nieflidd <of claim 144, wherein sufficient medium is at a 
concentration '.6f at/least about 125% of a normal concentration of medium. 

14^:?;^ 
addtogA;<^^^ 
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147. . . The. method of claim 146, further comprising: 

adding additional media at least about 3 days after starting culturing said cells. 

148. The.methqd of claim 146, further comprising: 

replacing media completely at least about 3 days after starting culturing said 
cells; * : V : V ; 

149; ^je ^etUod of claim. 144, wherein said medium comprises a mixture 
of sugars. 

150. /The Method of "claim . 144, wherein said medium comprises a larger 
amount of sucrose;thari npfmigLl for cell cxilture. 

151. :T&e. .methbd of claim 133, wherein said plant cells produce a 
recombinant protein. . 

152. TEe methbd of clam wherein said plant cells are selected from the 
group consisting of alfalfa cells, tobacco cells, and tobacco cell line cells. 

153. ; ^The method of claim 151, wherein said recombinant protein is selected 
from the grqu£ : ci^ a viral protein a eukaryotic protein 
andadnni^^ 

154/ V^|^^tiiodi"of claini ;T52, wherein said viral protein is the infectious 
bursal disease Vinis vfraljprotein WE. 

156 r , : .^e xiethdd of claim . 153, wherein said eukaryotic protein is Human 
interferon j8: ■ v : ;' ' • -■ 

;156* ^e^thod . of claim 155, wherein said eukaryotic protein is a Human 
clotting factoid; sj/.-v:-' 
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157. :3riie iftethcfd of claim 156, wherein said clotting factor is Human Factor 

158. /bnto.JQjMfaiQd of claim 152, wherein said eukaryotic protein is a Human 
lysosomal enzymQ;; 

159. 158, wherein said lysosomal enzyme is Human 
glucocerebro^^gV V V ;.. 
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SEQUENCE LISTING 

<110> Snaaltiel,> Yoseph . 

<120> . C&&/TISSUE CULTORING DEVICE , SYSTEM AND METHOD 
<130> 29088 ' .:: ' 

<ieo> i4 ■•• y'/ V'p....-' '. 

<170> Pateritiii: : y<^£c^\V;2 , 

<2io> x ' -f : " - 

<211> 22' - ' ;Y . ': :,"'. •;•*; * : 
<212> PRT/. • • ' ' 

<213> Artificial- sequencp . 

<220> •,; ? > •>\:C.-S".- : ' : -.' V-*" ' : ' 

<223> Sigi^l Pepticte'.-f or, the .ER 
<400> 1 ■• " V -.v'^V : ; ; * ' * 

Met Lys-Thr Asn ' Leti. Plie Leu Plie £eu lie Pne Ser Leu Leu Leu Ser 



Leu .Ser-S^.A3^Gliv'Sfc-. ;o 



<2io> 2 

<211> • 7 ... >.''';•* - : '-'"y 

<212> prt. .V.--V-X .';;■*.■■ 

<2 13 > . Art if i cial\ sequence [ 

<220> 



<223> . Vtfciioiar, fc^^g4t : illg , .; -signal from Tobacco chitinase A 



<400> 2- . v-;, ;-'..- • -•- .; 

Asp Leu Leu- VaB- AspNThr. *Met . 

<2io> "3 '•..[. -*-;.-v?. ;." "•' ' - : ' v " 
<2ii> 2i v * . : ''&7 
-<2i2> . 

<213> " Artif ip.ia^*^e^encja^ ; .^^■' ' ' . . 

<22o> ■ .• yv" '*vv;--. ' •'. 

<2 2 3 > 'Single * |trl^^;; ; DNA;.; oli^bnjicleot ide 

<400> -3./- ' /.^V^V." •.*• • 

cagaattcgc . cdgtfccb tgc -' a j . I >; .; ^* * ; . 



<2ip> 4 . VV-. r'J •■ 

<2ii> 22; O; ;.'*•./•." ' : 

<212> DNA. V.' 'J..'. v 

<213> Artificial.- aeqrtence^-/ • *• 

<220> 5/ •'. .■}.■/:•> >. \ 

<223> S ingle: ^tr^i^* DNA. 

<400> 4 \;. J<:-. -v.* /. j. " • 

ctcagatctt ' ggc^^cp'a :-da .*; ; • 

<210> 5; - .V -^'iV^r '-r^ - ' . 

<2ii> :i9;.-A v , ^ ;T ^ ; '':' v ^^--;v : 

. <212> .DNA V^"->-t: : ^5^C'\ v /V;^ ,J "V/ ' ' * V" 

<213> 'irtific^^ ■'• ; 

<220> ...... >vJv'--c ->*' * :*/• V:;l : -v---;* . ■ * :v 

' <223> ' Single i'stralaa . DNA- ■ 6i-ig : opuplebti<ie 



21 



22 



WO 2005/080544 



PCT/IL2005/000228 



<400> 5 '•■**..■ 
ctcagaagac cagagggct * 



19 



<210> 6 - 

<211> 17' ■ * 

<212> DNA " ■ :\ /'V 

<213> JU-tific^al-. sequence.- ■ 

<220> • * . ■ . ■ ,;V .'- 

<223> Single -strand'; i>NA* oligonucleotide 



<400> 6 '- . : - . 
caaagcggcc atc^tgp : ; V.-*' /•"*.".• 

. <210> 7. ' J - 

<2ii> . i4*9.i-.-; : ;<-. '.' .• ' 

<212> DNA ; . ■ ■ ! 
<213> .'Homo sapiens.- 

<400> 7 '. ; • ^ '; " " . ; : " \ \ 

gcccgcccct gcatccet^a aagcttcggc . 

acatactgtg actcctfctga ccccccgacc* . 

gagagtacac . gca^g&gc^'v.acgga tggag 

acgggcacag fcfdctjgrctact . gaccctgcag 

. tttggagggg ccatgacaga- .tgctgc tgct 

caaaatttgc taottaaa'tc -gtacttctct 

gtacccatgg ccagctgtga'' cttdtccatc 

gatttccagt . tgcjicaadtt ■ cagcctccca 

attcaccgag ccc^gcagGt ggcccagcgt 

tcacccactt ggcKcaag^o aaatggagcg. 

cccggagaca • fectacc^ccW gacjctgggcc 

gctgagcaca \agt£acagt.t;' ctgggcagtg; 

ttgagtggat ac'cdcttcpa.^tgcG.tg^gc 

• gcccgtgacc .p^ggph<i^s<2^achh^Qcad0 
ctggatgacc aac^qtt^ct- gcegccpjcac 
gcagcta'aat ;at£fcfccatig^ 
aaagccacoc tagg^g^a^aj? acaccgcctg 

■ gcctgtgtgg gctccaa^t- .ctgggagcag 
atgcagtaca %dca : Ga<jcat catcacgaac. 

• tggaacctt'g ccctgaaccc.; .cgaaggagga 
cccatcattg • tagajsatcac : caag^acacg- 
ggccacttca- gcaa^ttciafc. tcctgagggc 

aagaacgacc .tggacgcagt, - ggcac tgatg 

v. s>-~ ; *v'.S v .- ■■ » ^ r ' ::• '-' 
. * . ;~.'.-\-,y "• ■" * w 

ctaaaccgjct cctretaa#cja\ tgtgcc tctt . 

' : : v.- : *&SP}£f£' 

gagacaatct ^c^c^tggcfca | c£c'd.att cac : 



17 



tacagotcgg tggtgtgtgt 
tttcctgccc ttggtacctt 
ctgagtatgg ggcccatcca 
ccagaacaga agttccagaa 
ctcaacatcc ttgccctgtc 
gaagaaggaa tcggatataa 
cgcacctaca cctatgcaga 
gaggaagata ccaagctcaa 
cccgtttcac tccttgccag 
gtgaatggga aggggtcact 
agatactttg tgaagttcct 
acagdtgaaa atgagccttc 
ttcacccctg aacatcagcg 
agtaqtcacc acaatgtccg 
tgggcaaagg tggtactgac 
•cattggtacc tggactttct 
ttp.cccaaca ccatgctctt 
agtgtgcggc taggctcctg 
ctcctgtacc atgtggtcgg 
cccaattggg tgcgtaactt 
ttttacaaac agcccatgtt 
' tcccagagag tggggctggt 
catcccgatg gctctgctgt 
accatcaagg atcctgctgt 
accfcacctgt ggcatcgcca 



ctgcaatgcc 

cagccgctat 

ggctaatcac 

agtgaaggga 

accccctgcc 

catcatcegg 

cacccctgat 

gatacccctg 

cccctggaca : 

caagggacag 

ggatgcctat 

tgctgggctg 

agacttcatt 

cctactcatg 

agacccagaa 

ggctccagcc 

tgcctcagag 

ggatcgaggg 

ctggaccgac 

tgtcgacagt 

ctaccacctt 

tgccagtcag 

tgtggtcgtg 

.gggcttcctg 
S 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
il40 
1200 
1260 
1320 
13$0 
.1440 
.1491 
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V 3 

<211> 49-7 

<212> PR.T " *.* ;" 

<213> Homo sapiens 

<400> 8 

Ala Arg Pro Cys lie Pro Lys -Ser Phe Gly Tyr Ser Ser Val Val Cys 
1 . 5 * 10 . 15 



Val Cys Asn Ala : Thr Tyr. Cys "Asp; Sear Phe Asp Pro Pro: Thr Phe Pro 

• 20 y -iv-v-:. -;' • ['25 . . 30 

Ala Leu. Gly Thr\;PheX ! Ser ^iig..Tyr Glu Ser Thr Arg Ser Gly Arg Arg 
35 ■ v". 40' 45 



Met Glu Leu Ser * Met : Gly. Pro lie Gin Ala Asn His Thr Gly Thr Gly 
50 . 55'" 60 

Leu Leu Leu Thr "Leu v Gin: Pro' Glu- Gin Lys Phe Gin Lys Val Lys Gly 

65 ' "V'-'.Vv 10 ' - ' 75 80 

Phe Gly Gly Ala' Met Thr .Asp .Ala- Ala Ala Leu Asn lie Leu Ala Leu 

*'• " v i:": 8? :*-.",-■'.. ; .;J*> '.• "'90'/ 95 

Ser Pro' Pro Ala Gin' Asn Leu, Leu Leu Lys Ser Tyr Phe Ser Glu Glu 

•* ; ib# '!•'- 105 ■ ■; HO 

Gly lie. Gly Tyr Asn.Mle lie. Arg Val Pro Met Ala Ser Cys Asp Phe 
115 ' .. . 120- 125 



Ser. lie Arg r . Thr* Tyr Thr- Tyr. Ala Asp Thr Pro Asp Asp Phe Gin Leu 
13 0 135. 140 



His Asn Phe Ser- Leu* Pro Glu Glu Asp - Thr- Lys Leu Lys lie Pro Leu 

145 i-5.o- : • : - .155 ieo 




Gly Lys .Gly' Ser : Leu . Lys Gly ■ Gin'- Pro Gly Asp lie Tyr His Gin Thr 



Trp Ala Arg Tyr -pie .Val" Lys Phe Leu Asp Ala Tyr Ala Glu His Lys 

210 .-.? : '2is: '': '220 




Leu Ser" Gly T^-.PrQ'-Phe-GinCys.Leu .Gly Phe Thr. Pro. Glu His Gin 

; :^2^- :; : .250 . ■ . .255 



Arg Asp PJie/iieJ ^i^Krg-^p' Leu':&iy - Pro. Thr- Leu .Ala Asn Ser .Thr 

•;••.•' * ^2<&[^J&/s : "; ^.v-- ; : ; 265- .270 

His His\Asn;v£l;^ Asp. Gin Arg Leu Leu Leu 
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•'**.* ' 

:• . . - ; : v V.;:": /;. .. . " 4 

275 . \'- * 280 - 285 

Pro His Trp Ala^ Lys Val Val Leu Ttur Asp Pro Glu Ala Ala Lys Tyr 
290 295 300 

Val His Gly lie ' Ala" Val His Trp- Tyr Leu Asp Phe Leu Ala Pro Ala 
305 33LO 315 320 

Lys Ala Thr Leu. Gly 1 Glu Thr. His Arg Leu Phe Pro Asn Thr Met Leu 

j325"; :\ ..; .330 . 335 

Phe Ala Ser\ : Glu Ala' Cys '.Val- Gly Ser Lys. Phe Trp Glu Gin Ser Val 

" r -" *- 

Arg Leu Gly ' Ser* -Tip..* Asp. Arg .Gly Met Gin Tyr Ser His Ser lie lie 
355/ 'j'v'.;. vX^SO: 365 

Thr Asn Leu Leu Tyr £is" Val" V^l-Gly Trp Thr Asp Trp Asn Leu Ala 

370 * " .- ; V :;y^'-[ ' 3-75' \J : ' 380 

Leu Asn Pro Glu^Giy : 'Giy Pro Asn Trp Val Arg Asn Phe Val Asp Ser 

385 .. '{.• :'f'" : , -3$0 . 395 400 

Pro lie Xle Val'; Asp. ile^ Tbr'.Lys Asp- Thr Phe Tyr Lys Gin Pro Met 
\-. '405* •; * : * * 410 * 415 

Phe Tyr His- Leu 'Gly 'His Phe sir Lys Phe lie Pro Glu Gly Ser Gin 

.43.0', - I;.;. * ■ '■".• 425 430 

Arg Val Gly." Leu Val'. Ala Ser Gin Lys Asn Asp Leu Asp Ala Val Ala 

435 '/*V\ ':•■/*.■" : * : '4*40. ' ■ 445 

Leu Met His Pro : Asp'G/iy' Ser Ala Val yal Val Val Leu Asn Arg Ser 
450 . 455 ■- 460 

Ser Lys Asp • ViJ.y Pi:6 v Leu '7^41^' Lys ' Asp Pro Ala. Val Gly Phe Leu 

465 • ' * ; : i .1 ;;*7P, v/s"* "* V - 475 4so 

• Glu Thr -lie Sei P^o 'G% iyir'- Se'r.-.ile .tiis Thr Tyr Leu Trp His Arg 

" /:?$': : &$pk* '490 ' 495 m 



Gin * •. -7, 



<210> .'9 . ; . ; : 3?. -..Vr • '.' . ' - ' • ":" . ' *." ' 
<2ii> 338* - Kl : *'\/'^.y ■-■ t .-'...v. - '. • 

<212> DNA, y v.- ' ? 

<213> Artd,ficlal' : = ^'eqiiehce-'- .*'' 

<22o> .*-■"**■ ' • 

<223 > CaMV' 3 ik t \ Promoter: ^nucleic acid' sequence 
<40O> S : 

ttttcacaaa ' gggrj^atatc. gggaaacctc. ctcggattcc attgcccagc tatctgtcac 60 

ttcatcgaaa ^ ^gacag^aga : a'aaggaaggt' ggctcctaca aatgccatca ttgcgataaa 120 

^gaaaggcta" tcgfttc^^ga; t£cct;c"tacc * gaca£tggtc . ccaaagatgg • acccccaccc : 180 

" acgaggaaca * ts^^gf^i"^^^ cttcaaagca agtggattga 240 
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tgtgatatct ccactgacgt /aagggatgac * gcacaatccc actatccttc gcaagaccct 300 
tcctctatat aaggaagttc attfccatttg gagaggac 33 8 

<210> 10 

<211> 66 

<212> DNA 

<213> Artificial sequence 

<22o> . • v. , .. ■ 

<223> Nucleic, acid /sequence enabding the ER signal peptide 

<400> 10 "v'-. * : ; $ ' • . 

. atgaagacta atcfettttct/c'tttctcatc ttttcac.ttc tcctatcatt atcctcggcc 6.0 

gaattc ■ " V ^ " % ' 66 

<2io> ii . .. v: V . /. 

<211> 21' /• ^>'": : " ' • -X: - ./\ : 

<212> DNA'. 



<213> Artif iqi^l^e^ence' . ;f / 
<220> ■. .""i l V V -f *- r <-. '% > 

<223> Nucleic Vacid' Secpience.. ehqoding the vacuolar targeting sequence 
<400> 11".. . I*/'' \ . r. 

gatcttttag tcgatact'at ;g *.". '":'/-,,• 21 

<210> 12 . • -• viO 
<211> 167 ; : J. ■ 

<212> dna *\ . • \v "' / : 

<213> Artificial:" sequence. 

<220> : r . 

<223> Sequence^ for .terminator 

<220> 

<221> misc_feature* , : 

<222> (162) *. . >V ' V" - 

<223> ' n-is" ■ ' ■ \ ' . " " ' 

<400> 12 '\: t ...S- . . . * -. 

taatttcatg ^t-^jtg^J;tg 'tjtg^ttbcc ttgcaatgca gggcctaggg ctatgaataa 60 

agttaatgtg t^^0^^^^^ik^\ tgtga'cctga. agggatcacg actataatcg 120 

tttataataa Hcaiagactt t^cccaaaa- aceccccccc cngcaga 167 

.<2io> *i£ V v* : yS?£Y : /^'-lb m :^?*y '. : • 

<2ii> -21*86' .■ " : -" '- 

<2i2> dna .* ^-"j ' 

• <213>- Artif dc^^/sfe^^ 

<22o> \ v.Vi //.K^.V' v'-' v "U',,'- 

<223> Nuciei'c-.'aciia encoding "recombinant GCD fused to signal peptides 

- ..j^ "i . . *-..• : - . ■ ^ 

<220> ... : vV; -.: jij."-; A 

<221> misc^f ea^ure'. ~. . • • 

<222> (2181)^23^1)/ ' V - - . . :\ 

<223> n is'a^ijV^/.qj;. t: • *' 

. <400>" 13-: ." ."",)" V:* : r" *: 
ttttcacaaa' gg^aatatc; i jgggkaaccta ctcggattcc attgcccagc tatctgtcac 



60 



" ttcatcgkaa , g^cag^ aatgccatca ttgcgataaa 120 

ggaaag^cta - t :pgpt^ga^ - tga|tit»ca '. gacafcrtggtc^ ccaaagatgg acccccaccc 180 
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acgaggaaca .tcgtggaaaa* agaagacgltt 
tgtgafcafcct ccactgacgfc aagggatgac 
tcctctatat aaggaagttc' afcttcattt'g 
aattaccaac .aacaaca^ac . aacaaa caa c 
gggatccaag gagatataac aatgaagact 
ctcctatcat tatcctcggc :cgaattcgcc 
agctcggtgg .tgtgtgfcctg caatgccaca 
cctgcccttg gtaccttcag ..ccgctatgag 
agtatggggc "ecatccaggC- taatcacdcg 
gaacagaagt . tocagaa^gt'- gaagggattfc 
aacatccttg ■ ccotg^ac'G/ cc'ctgccc'aa 
gaaggaafccg -gatataackt V cat ccgggta- 
accfcacacct * ajtgqa^cac. ;ccc tgatgat 
gaagatacca ! '.agctcaa^at; acccdtgat'fc 
gfct tcactcc ttgpcagccq- " ctggaqatca 
• aatgggaa'gg ggtcactq^a- gga^cagccc 
tactttgtga ;agt^Gtgg^ -tgcctatgct: . 
gctgaaaatg agdcttctgc .tgggctgttg 
acccctgaac atcagcgaga . cttcattgcc 
actcaccaca atgfcecgect actcatgctg 
gcaaaggtgg- tachgacaga' -cccag^gca 
tggtacctgg- actttctgcfc tccagccaaa 
cccaacacca tgctctttg^ .ctcagaggcc 
gtgcggctag gc^cetgg^Vtcgagggatg 
ctgtaccatg ■ 'tg^cgsfct^' k gaccgactgg 
aattgggfcgc. gta^ttiigt.- ' cgac'agtcc.e 
tacaaacagc qc^^tcj^ 

cagagagtgg ' ggct^gttgc'V.cagti^ga'ag- 

: -;Y-V" 



cccgatggct : ^tgcjt^i^t [.g^0tgb\^ 
atcaaggat.c c tg<3tgtgg^' >ttedtggag 
tacctgtdggc' .afccgccaaga-. tcfctfctagtc 
tgtattccct; tigca^tt^cag " ggcctag^gc - 
atgtgtgatt gt^a^ctgai.^ 'gggatcacga ' 
gtcccaaaaa cccqcccccc ngcaga..- . 



qcaaccacgt cttcaaagca 
gcacaatccc actatccttc 
gagaggacag gcttcfcfcgag 
attacaatta ctatttacaa 
aatctttttc tctttctcat 
cgcccctgca tccctaaaag 
tadtgtgact cctttgaccc 
agtacacgca gtgggcgacg 
ggcacaggcc tgctactgac 
ggaggggcca tgacagatgc 
aatttgctac ttaaatcgta 
cccatggcca gctgtgactt 
ttc'cagttgc acaacttcag 
cacpgagccc tgcagttggc 
cccacttggc tcaagaccaa 
.ggagacatct accaccagac 
. ga<grqacaagfc tacagttctg 
agtggatacc ccttccagtg 
cgtgacctag gtcctacccfc 
gatgaccaac gcttgctgct 
gctaaatatg ttcatggcat 
gccaccctag gggagacaca 
tgtgtgggct ccaagttctg 
cagtacagcc acagcatcat 
.aacottgccc tgaaccccga 
atcattgtag acatcaccaa 
cacttcagca agttcattcc 
aacgacctgg acgcagtggc 
aaccgctcct -ctaaggatgt 
acaatctcac ctggctactc 
gatactatgt aatttcatga 
ta'jtgaataaa gttaatgtgt 
cta£aatc'gt ttataataaa 



agtggattga 
gcaagaccct 
atccttcaac 
ttacagtcga 
cttttcactt 
cttcggctac 
cccgaccttt 
gatggagctg 
cctgcagcca 
tgctgctctc 
cttctctgaa 
ctccatccgc 
cctcccagag 
ccagcgtccc 
tggagcggtg 
ctgggccaga 
ggcagtgaca 
cctgggcttc 
cgccaacagt 
gccccactgg 
tgctgtacat 
ccgcctgttc 
ggagcagagb 
cacgaacctc 
aggaggaccc 
ggacacgttt. 
tgagggctcc 
actgatgcat 
gcctcttacc 
cattcacacc 
tctgttttgt 
gaatgtgtga 
caaagacttt 



240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2186 



<2io> 14/ ; . . " Y ;. 'y *' m 

<2ii> S26. * 'J'V;.;.'\:r- %}.. • ,\ •■■ 

< 2 12 > PRT " ' . • v ' V . *. v . -. . V- 

<213> Arti'f icIal^P^^nce. 

<220> 
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<223> Recombfnant yGCD fused to signal peptides 
<400> 14 '•" V '~?V\ 

Met Lys Thr -Asa Leu Ene* Leu Phe Leu lie Phe Ser Leu Leu Leu Ser 

" 1 ' 5V- ... " *' 10-. 15 

Leu Ser Ser Ala. Glu Phe Ala Arg Pro Cys lie Pro Lys Ser Phe Gly 

.20; J 25 30 

Tyr Ser .Ser VaT' Val^Cys' Vaf" Cys . Asn Ala Thr Tyr Cys Asp" Ser Phe 
-35 . - '-40 " 45 



Asp Pro Pro "Thr- '"Ehd Pro Ala Leu "Gly Thr Phe Ser Arg Tyr Glu Ser 

50 •w:*y^"-V .'55:- 60 

■ . 'f^yy; • 

Thr Arg Ser Gly Arg^ Arg Met- Glu- Leu Ser Met Gly Pro lie Gin Ala 

65 - • V.; 5 >y. V 70 •■__* *: V 75 80 

Asn His. Thr Gly : Thr- -Gly lW leu -Leu Thr Leu Gin Pro Glu Gin Lys 

■ .:!v">..»:fi^V. • -^ y- y .90 ss 

Phe Gin Lyi^Wi' L^ "Gly fehe^Gly.'Gly Ala Met Thr Asp Ala Ala Ala 
/ ado; '".r-rV/-: " " / : * ' x:x 9 s . '" 110 

Leu Asri iie -Leu' l -A^k:-.Le'u Ser Pro "pro- Ala Gin Asn Leu Leu Leu Lys 

ii5':"/\>; ■*» 5 \v : :. i2o«- \ 125 

■ v -iV. : > '. ■. - r ; " ' y . 

Ser Tyr Phe Ser Glu 'Glu Gly' lie Gly. Tyr Asn lie lie Arg Val Pro 

130 . : -V •*; - 135, 140 - 

Met Ala -Ser. Cys -Asp Phe Ser. lie Arg Thr Tyr Thr Tyr Ala Asp Thr 

145 • , "" ' ' 155 160 

Pro Asp Asp phe. : Gin; - Leu His Asn' Phe Ser Leu Pro Glu Glu Asp Thr 

"l-VlA?; -;• * 170 175 

Lys Leu iys.!iie"P^<**L^u -lie 'His Arg Ala Leu Gin Leu Ala Gin Arg 

'. • ; ■:^?y^y^- " v-v >? s ' . 190 ." 

Pro Val:^&r::h^^^^^S0C Pro/ Trp Thr Ser Pro Thr Trp Leu Lys 

- : -i95.' : ':^; ; -^ ; -: ;v ;.'V" ^-ioo'- '. 205 • 

. Thr Asn £iy' Ala:"vai^Asn: G!ly^ Lys. Gly -Ser Leu Lys Gly Gin Pro Gly 

210 •':^^^y^'y!^^y-^: : - 220 

Asp lie Tyr. HieKGln .Tin? Trp. Ala -Arg. Tyr Phe Val Lys Phe Leu Asp 

* • ■ * ?JS .Ui. *»**•_" \- "... . me 24 ft 



Ala Tyr • Ala 'Qi&uip r Lya- LeiivGln-Phe.Txp Ala Val Thr Ala Glii Asn 

v. *..v{":.2 : 45-, syy.-y " \j y • 250 255 

Glu Pro Ser j^a»"-Giy -.Leu l^uVSer/Gly Tyr Pro Phe Gin Cys Leu Gly 

;\ '260:- 'M-.} [• . -. m ./.'^ '. '«.* 265 ' 270 

Phe Thr * Pro Glti' .H is • Gin Arg. Asp ' Phe" lie Ala Arg Asp Leu Gly Pro 
/23"5 ^ I' ''280 .' " .285 
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Thr Leu Ala' Asn Ser/ Thr His ' His Asn Val Arg Leu Leu Met Leu Asp 
290 -\' -295 300 

Asp Gin Arg Leu Leu - Leu Pro His- Trp Ala Lys Val Val Leu Thr Asp 
305 ..310 315 320 

Pro Glu Ala Ala" Lys Tyr Val His Gly. He Ala Val His Trp Tyr Leu 
'/ 325'. . *" * 330 335 



Asp Phe Leu Ala Pro Ala "Lys. Ala -Thr Leu Gly Glu Thr His Arg Leu 
340' ';■/> ' ," "345 . 3 50 

Phe Pro Asn Thr.- Met Leu Phe Ala Ser Glu Ala Cys Val Gly Ser Lys 
355 -' 360. 365 

* ** " . • .-3 

Phe Trp Glu Glri-Ser V^l Arg Leu Giy Ser Trp Asp Arg Gly Met Gin 

370 "'>:?''':''??<$ - ' ' 380 



Tyr Ser His i 'Ser> jcie-Vl le'/ltnT'- As'n Leu Leu Tyr His 

385 • -r'rr* :;39b-.v; • 395 



Val Val Gly Trp 
400 



Thr Asp Trp^h^ Gly Gly Pro Asn Trp Val 

"v' V40'5/ : -. ; V' ! -..V 410 

Arg Ash Phe Vat Asp S*r Pro', il^ lie Val Asp He Thr Lys Asp Thr 
\ 420' y.\ • .425 ■ 430 . 

Phe Tyr Lys Gln'-Pro Met* Phe Tyr His Leu Gly His Phe Ser Lys Phe 
435 • ' - ■ . ' 440 445 

He Pro Glu . Gly. Ser Gin Arc*. Val Gly Leu Val Ala Ser Gin Lys Asn 
450 ' 455- / 460 

Asp Leu Asp Ala Val .Ala . Leu Met His Pro Asp Gly Ser. Ala Val Val 
465 : . •* •".;•/ 4-70 ■ 475 . 480 

Val Val LeuAs£^ Pro Leu Thr He Lys Asp 

" ■ * >K.485-; '" ' ' ■ 49.0 495 

Pro Ala-,Vai ; Gi^Pne ;; ^ Ser Pro Gly Tyr Ser He His 

-:-SQavV.v •>.7-T-\ sos sio 

Thr Tyr .Leu 'Ti^His Arg- Gin'.' Asp - Leu Leu Val Asp Thr Met 

515 : ..~y520 . - 5 25 
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